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Thesis Directed by Professor Paul Weimer 
ABSTRACT 
 The Wasatch Formation (Paleoc ene to lower Eocene) in the Pic eance Basin of  
northwest Colorado consists of thick (great er than 5500 feet) cont inental strata that  
were deposited in an intermontane basin that  developed at the end of the Cretaceous  
and is ass ociated wit h the Laramide orogeny.  The basin was  flanked by the eroding 
high of the Douglas Creek Ar ch (west), by the Uncompahgr e Plateau (southwest), by 
the Sawatch Uplift (southeast), and by the White River Uplift (east).  This study div ides 
the Wasatch Formation into twelve distinct stratigraphic intervals in the subsurface 
based on the regional correlation of approx imately 2200 wireline l ogs.  Based on thes e 
correlations, a series  of cross-sections , isopach maps, and net sandstone maps were  
constructed for each interval.  In addition , well cutting data, outcr op measured sections, 
and outcrop descriptions from lit erature were tied to the subsurface correlations to giv e 
a better understanding of the lithology.  T he lithology allowed the identific ation of lo g 
facies and log fac ies assemblages, and thus facies interpretation and identification of  
regional structural events were possible.  
The twelve intervals of the Wasatch Formation consist of fluvial and related strata 
at the base, changing upward to interbedded fluvial and lacustr ine strata.  Intervals 1 
through 5 are mostly Distributar y Fluvial Systems that flow ed primarily to the north,  
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northeast, and the east as they we re derived from the adjacent.  In contrast, the fluvial 
strata of Interval 6 were deposited by Axial Systems that we re derived from the 
Uncompahgre Plateau to the southwest.  Inte rvals 7-11 include the fresh water strata in 
the northern part of the bas in a nd the fluv ial strata t o the s outh.  There is a vertical  
change in lake types  between Intervals 8 (overf illed) to Interval 11 (balan ced-filled).  
The top of the studied strata is a major flooding surface.  
The Wasatch Formation produc es natural gas in ten fields.  Currently, the 
Wasatch Formation produces from two differ ent sandstones in Interval 6: a lower  
sandstone to the north, and an u pper sandstone to the south.  An important outcome of 
this study is the framework to aid in new exploration targets. 
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INTRODUCTION 
The Piceance Bas in, in northwestern  Colorado, is an intermontane Laramide 
basin that has been extensiv ely explored for petroleum (Figure 1).  During the past tw o 
decades, the major focus of exploration has been the basin-centered gas accumulations 
that are present primarily in the low perm eability sandstones of the Upper Cretaceous 
Williams F ork Formation. An  in dustry based research consortiu m was est ablished fo r 
the purpose of dev eloping th e regional subsurface st ructural and s tratigraphic 
framework of the Piceance Ba sin.  Bouroullec (2010) defi ned the regional structura l 
geology of the Piceance Basin and its Paleozoic to lower Mesozoic stratigraphy (Figur e 
2) based on the inter pretation of 700 km of  regional 2-D seismic.   In addition, six MS 
theses sys tematically interpreted the Upper Cretaceous and lower Tertiar y strata: (1) 
the Mancos Group and related strata (Rogers, in  prep.); (2) the Castlegate through the  
Iles Formation (Sch wendeman, 2011); (3) the lower Williams F ork Formation, which  
includes the Cameo Coals  and the coeval shoreline s andstone units (Nicolette, 2011); 
4)  middle Williams Fork Formation (Foste r, 2010); (5) upper Williams Fork Formation 
(Leibovitz, 2010); and ( 6) the lower Tertiary Wasatch Formation (this thesis).  
The lower Tertiary Wasatch Formati on crops out around the edges of the 
Piceance Basin (Figure 3).  In some places, the formation is well exposed and  
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Figure 3.  Outcrop map showing the Mesaverde Group and Wasatch Formation outcrops, referenced 
outcrop locations, and study wells in the Piceance Basin.  
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has been studied in detail by  many resear chers.  Thus, the understanding of the 
Wasatch Formation is primarily based on studi es of the outcrops with little regional 
subsurface correlation.  Subsurface correlati ons are challenging because this  formation 
is entirely continental in origin with few regional marker beds to  aid in the in terpretation.  
Nevertheless, fluvial log facies associated with Laramide structures produce natural gas 
in the Wasatch Formation in ten fields.  Thus, a greater understanding of the subsurface 
distribution of differing facies has important implications to future exploration. 
The objectives of this thesis are to:  
(1) construct regional correlations for t he Wasatch F ormation using an extensive 
subsurface data base; 
(2) develop regional stratigraphic framework for the Wasatch Formation;  
(3) develop the facies relationships by  intergrating subsur face and surface 
information;  
(4) interpret depositional environments for each interval; and 
(5) propose the sequence stratigraphic framework of the Wasatch Formation. 
Because of the lack  of significant subsurface correlation in the W asatch Formation, 
the emphasis of this thesis is on defining the regional stratigraphic relationships and  
general depositional settings.   
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Geologic Setting 
Structure 
The Piceance Basin is an intermontane bas in that formed dur ing the Laramide 
orogeny.  Regionally, this period of mountain building be gan during the Lat e 
Cretaceous, 70-80 million years ago, and ended in the Tertiary, 35-55 million years ago.  
and occurred in a series of pulses, with inte rvening quiescent phases (English, 2004 ).  
The orogeny is commonly attributed to the c onvergent margin along the west coast of 
North America, where the Ku la and Farallon Plates were subducted below the North 
American plate (Figure 4).  The Laramide orogeny started when a decrease in the angle 
of subduction caus ed regional uplifts an d continued until the Farallon slab was  
completely consumed (Bird, 1998b).  As a result of the orogeny,  Laramide uplifts and 
basins in northwest Colorado were formed (Figure 5). 
The Piceance Basin is a north-northwest  trending basin that was formed by 
basement involv ed thrust tectonics (Hoak  and Klawit ter, 1997). The major tectonic 
elements of the basin are show n in Figure 6, where numer ous anticlines and synclines  
deform the strata within the bas in. The asy mmetric structure of the bas in (Figure 7) is 
illustrated on the structure map of the top of the Rollins Me mber.  The deepest portion 
of the bas in is in the Re d Wash Sync line that trends northwest, and the shallow  
structural anomalies  of the W hite River Do me and the Divide Creek  anticline ar e 
present.  The Grand Hogback, a prominent monocline, is the dominant structural feature 
along the eastern edge of the basin that formed in response to the Laramide uplift of the 
White River Plateau.  The western boundary is formed by  the north-south trending 
Douglas Creek Arch; the Uncompahgre Plateau is to the southwest; and the Sawatch 
Figure 4.  History of plate configurations by Bird (1998) . Shading shows the forearc 
area of contact between the base of North America and the tops of subducting slabs 
and the diagonal pattern shows regions of orogeny or extension. It appears that the 
Piceance Basin is most likely starting to form 65 Ma when low angle subduction drove 
the Laramide orogeny and continued until at least 40 Ma with the subduction of the 
Farallon slab.
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Figure 7.  Structure map of the top of the Rollins Member of the Iles Formation, 
Piceance Basin .  Contour interval is 500 feet (152 meter).  Gray shows the outcrop 
distribution of the Williams Fork Formation; where the outline intersects with the 
color contours it creates a dark blue or purple shade.  Note the marked structural 
asymmetry of the basin. (Modified from Leibovitz, 2010).
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Uplift is to the southeast (Figure 5, 6) .  The uplifts surrounding the basin hav e 
undergone multiple episodes of deformation fr om the Precambrian until t he Laramide 
thrusting events (Hoak and Klawitter, 1997).  During the early T ertiary, the surrounding 
uplifts were eroded and provided sediments to the fluvial and lacustrine syste m (Lorenz 
and Nadon, 2002). 
Regional Stratigraphy 
The Wasatch Formation consists of lower Tertiary continental strata.  For this study, 
the Wasatch Formation is defined from the lower Tertiary unconformity at the bas e to 
the transgressive Long Point Bed at the bas e of saline lacustrine strata at the top 
(Figure 8).  The Was atch unconformably over lies Upper Cretac eous strata; the hiatu s 
varies considerably across the basin with the greatest gap on the west side of the basin.  
To the nor thwest and southwest , the hiatus extends from the late  Campanian to late 
Paleocene (about 15 Ma); in the west-central basin, the hi atus extends  from middle 
Campanian to early Eocene (about 21 Ma) (Figure 8).  This unconformity represents the 
beginning of the Laramide orogeny and the formation of the intermontane basin.   
The Wasatch Formation and r elated strata  in the Piceanc e Basin are lower  
Paleocene through middle Eoc ene (Figure 8).  Three stratigraphic columns from the 
north, central, and s outhern portions of t he basin illustrate the variability of the 
nomenclature of the formation (Figure 8A-C).  To the north, the Paleocene strata that 
overlie the unconformity are referred to as Units 1 and 2 of the  Fort Union  Formation; 
these are, in turn, overlain by the Wasa tch Formation, which includes an “unmapped” G 
sandstone at its base and an overlying dark shale  
  
Figure 8. Generalized stratigraphic charts for the Wasatch Formation and equivalent strata: (A) northern basin, in which the basal 
Paleocene is called the Fort Union Formation whereas the upper portion (Wasatch Formation) includes a Dark Shale facies and the 
previously unmapped “G” interval;  (B) central part, which is similar to the north except that the Dark Shale facies is called the Cow 
Ridge Member (of the Green River Formation); and (C) southern part, where the Wasatch Formation is divided into the Atwell Gulch, 
Molina, and Shire Members, but the nomenclature divisions differ from the southwest to the southeast.   From Johnson and Flores 
(2003).
(A) Northern Basin (B) Central Basin (C) Southern Basin
SW SE
Shire Member
Molina Member
Andesitic unit of
Atwell Gulch 
Member
Lower unit of 
Atwell Gulch 
Member
Shire Member
Sandstone unit
of Shire Member
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lithofacies (Figure 8A).  In t he central basin, the nomenclature is similar except that the 
dark shale lithofacies is calle d the Cow Ridge Member (of the Green River Formation), 
and is overlain in s ome places by a tongue of the Wasatch Formation (Fig ure 8B).  To 
the south, the strata are divided into multiple units and the nomenclature varies between 
the southwest and southeast (Figure 8C).  To  the southwestern, Donnell (1969) define d 
the entire Wasatch Formation from the basal Tertiary unconformity to the Green River 
Formation, and divided it into three members: Atwell Gulc h, Molina, and Shire.  In 
contrast, to the southeast, Shroba and Scot t (2001) recognized multiple div isions of the 
coeval strata.  The ba sal Atwell Gulch Mem ber is divided into two units; the lower and 
the andes itic.  This member is overlain by the Molina Member and the Shir e Member  
where the Shire Member includes a sandst one unit.  Importantly, the sandstone unit  
within the Shire Member is co rrelated by J ohnson and Flores  (2003) to the natural gas  
producing G sandstone in the s ubsurface and to the Molina M ember (as mapped by  
Donnell, 1969) in the southwest. 
The top of the Wasatch Formation is c onformably overlain by the fluvial a nd 
lacustrine deposits of the Eocene Green Riv er Formation (Lorenz and Nadon, 2002)  
(Figure 8).  The top Wasatch Formation cont act, as defined in this study, is the Long 
Point Bed,  a distinctive oolitic-, ostrac od-, and gastropod-rich marker bed (Johnson, 
1984) deposited as the basal un it during a major transgression of the saline Eocene 
Lake Uinta (Green River Formation).  Note that in the subsurface, the Cow Ridge 
Member of the Green River Formation (J ohnson,1979a-c; Johnson et al., 1979a-c) is 
included in this study  because a tongue of the Wasatch Formation is  stratigraphically  
above the member; it appears t o be laterally equivalent to the  upper portion of the 
14 
 
Wasatch Formation in the southern basin, and it  is stratigraphically lower than the Long 
Point Bed.  
In the subs urface, the formation thickens to ward the northeastern basin (Figure 9).   
The general trend of the is o-contours is to the northwest trend exists, and the thickness  
ranges from less than 1000 feet  at the western outcrop to gr eater than 6000 feet to the 
northeast.  The formation thins  along the Colorado River and the White River Dom e 
(T2N R96-97W) due to late Cenozoic erosi on (Aslan et al., 2010).  The thinning over 
Divide Creek Anticline (T6-8S R91-92W) is interpreted to be due to non-deposition.  
Thicknesses of the W asatch Formation from outcrop measured secti ons were used to 
constrain the isopach map at the edge of the basin. Where the formation crops out 
along the Colorado River and to the south, the measured depth from the surface to the 
top of the Mesaverde Group is used in constructing the isopach map. 
The depositional sy stem of the Wasatch Formation evolv ed during t he early  
Paleocene through Eocene, foll owing the final eastward r egression of the Cretaceous  
Seaway in the region and prior t o the formation of the saline Lake Uinta (Dubiel, 2002).   
Four paleogeographic maps illustrate the general stratigraphic evolution of the Piceance 
Basin during the Pal eocene-Eocene (Figure 10): (A) t he latest Cretaceous-early  
Paleogene (65 Ma) showing the initial Laramide uplifts; (B) the Paleocene epeirogenic  
uplift creating the intermontane basin and its initial infill by locally derived sediments (60 
Ma); (C) sediments derived from local uplifts  continue to fill the Piceance and adjoin ing 
basins (50 Ma); and, (D) large late Eocene lakes (Lake Uinta in the Piceance Bas in) 
formed as the basins continued to subside.   
Figure 9.  Isopach Map of the 
Wasatch Formation.  Numbers 
indicate the location of the 
outcrop measured section 
thickness that constrained the 
map. Contour interval is 500 
feet.
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Wasatch Oil And Gas Production 
Although not the major reservoir interval  in the Piceance Ba sin, ten field s 
produce natural gas from the Wasatch Forma tion (Figure 1).  Cluff and Graff (2003) 
documented the production through 2002, demonstrating the Wasatch Formation 
reservoirs have produced 276 billion cubic feet (BCF) of gas and were expected t o 
produce an additional 80 BC F gas at a 13% (exponential) decline rate as of 2002.  In 
Parachute and Rulison fields (Figure 1), two of the most prolific gas produc ing fields  
from the Wasatch Formation, there is very  little water produced and the gas is under-
pressured (Nelson and Santus, 2010).  In the Parachute Fiel d, approximately two years 
after initial of production of an individual well, the median daily produ ction rate is 243 
thousand cubic feet per day (mcfd) of gas, and the maximum is 642 mcfd.  The highes t 
producing wells reported by Nelson and Santus (2010) are in Section 33-35 T6S R95W, 
and Sections 3 and 4 T7S R95W where the dai ly production is between 435 mcfd and 
642 mcfd.  The aver age dec line rate is 42% over 5 years.  Production r ates in the 
Rulision Field are not as large where the median daily production rate is 78 mcfd of gas, 
and the m aximum rate is 284 mcfd.  The la rgest producing wells in Rulison Field 
reported by Nelson and Santus  (2010) are in Section 17, 19, 20, 28, 29 T6S R9 5W 
where the daily production is as high as 284 mcfd per well and the average decline rate 
is 63% ov er 5 years.  In addition, fields in the northern Piceanc e Basin also produce 
from the Wasatch Formation; Piceance Cree k field has produced 125 MMB  of oil and 
191 BCF of gas (Cluff and Graff, 2003) and two wells in Sulphur Creek field have 
produced 3 BCF gas each (L. Rasmussen, personal communication, 2009). 
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Previous Work In The Wasatch Formation  
The “History of the Piceance Basin from Latest Cretaceous through Early Eocene 
and the Characteriz ation of Lower Tertiary  Sands tone Reservoirs” interprets the 
paleogeography of the Wasatch Formation and summarizes previous stratigraphic  
studies (Johnson and Flores, 2003).  It is heavil y cited in this thesis.  Johnson als o 
created subsurface cross-sections (Johnson , 1979a-c; Johnson et al , 1979a-c) that are 
used to tie correlations of this study to lithology, age, and deposit ional envir onments.  
The Data Set section of this study describes  the publications in det ail.  In addition, a 
significant amount of outcrop description has been published in geologic maps, various 
master’s thesis, and doctoral dis sertations.  There is a tremendous amount of detail in 
these publications and the data is referenc ed as appropriate within the Per tinent Data 
from Literature section of each individual interval. 
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BIOSTRATIGRAPHY 
Biostratigraphic data is critical to placin g age constraints on t he units defined in 
this thesis.  Different authors have studi ed the fossil assemblages of the Wasatch 
Formation in outcrop.  Interpre tation of these data is difficu lt because: (1) the differing 
nomenclature used by the authors; (2) the st ratigraphic interval f rom which the fossils 
are collected is  sometimes unclear; and (3) va riations in timing of the deposition and  
erosion throughout the basin.  Five studies are reviewed here that place age constraints 
on the units that will be used throughout this thesis. 
Johnson and May (1978) inv estigated th e palynomorph assemblages  of the 
Wasatch Formation to the sout hwest near  the town of DeBeque (F igure 3).  Pollen  
samples were collect ed from fi ve measured sections.  The age results from this  
investigation are as follows: the un-named conglomeratic unit at the base of the 
Wasatch is late Paleocene; the Atwell Gulc h Membe r is late Paleocene; the Molina 
Member is late Paleocene (although  prior age investigations indicated Eocene); the 
Cow Ridge Member of the Green River Formation (which intertongues with the Wasatch 
Formation) is lower to lower-middle Eocene; and the Shire Member is middle Eocene. 
Along the western flank of  the Piceanc e Basin at T ommy’s Draw (Figure 3), 
Zeiler (1984) found early Eocene paly nomorph assemblages present in the strata that 
directly overlie the Upper Cretaceous strata.  In this position, portions of the Wasatc h 
are not present due to non-deposition and/or erosion along the Douglas Creek Arch. 
To the north, Hail (1990) des cribed the biostratigraphy for lower and upper 
member of the Fort Union formation and for the Wasatch Formation in the Yellow Creek 
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area (Figure 3).  The lower mem ber of the Fort Union formation contained an early  to 
middle Paleocene (but lacks th e earliest Pa leocene) palynomorph assemblage.  The 
upper member of the Fort Union formation yielded a late Paleocene assemblage from  
three different localities.  Directly above the base of the ov erlying Wasatch Formation, a 
late Paleocene assemblage is  present; whereas just below the dark shale lithofacies , 
the assemblage is Eocene.  Also to the north, Patterson et al. (2003) analyzed 
palynology data in six wells c ollected from the Love Ranch and Piceanc e Creek field s 
(Figure 1).  These workers placed the lower Wasatch Formation in the uppermost 
Paleocene to the lowermost Eocene. 
Along the eastern flank of the basin at Government Creek, approximately  10 
miles northwest of the city of Rifle (Fi gure 3), Greubel (1987) des cribed the palynology 
of a measured section.  This s ection identified an upper sandsto ne “member” in whic h 
light grey interbedded shale contained Eocene pollen s pecies.  This sandstone is mos t 
likely within the Shire Member of the Wasatch Formation. 
DATASET 
The data for this study includes: 1) cons ortium provided wireline logs and a core 
description; and 2) geologic literature obtained lit hology logs, an additional core 
description, and previously measured outcrop sections.  This  study uses 2106 well logs  
that were selected from a data base of a pproximately 6000 wells  based on quality,  
completeness of log suite and coverage over the Wasatch interval (Figure 11). 
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Core descriptions from two wells were  obtained to help correlate lithology and 
depositional environments to wireline logs (Appendix A).  Lorenz et al. (1996) described 
and interpreted the core from the DOE 1 -M-18 in Section T6S R94W (Well Tie 11 – 
Appendix A).  A core descrip tion from the Moore 33-10A in SWNE of Section 33 T6S 
R92W was also used (Well T ie 12 of Appendix A).  This is unpublished information and  
was obtained from Encana Oil and Gas (USA), Inc.   
 
  
Figure 11.  Distribution of wells with quality logs through the Wasatch Formation.  There 
are 2106 wells correlated in this study. Note the high number of wells along the Colorado 
river.
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METHODOLOGY 
Log normalization 
 The well logs provided for this study we re collected with different generations of 
wireline tools, both cased and open hole, a nd had unknown levels of calibration.  These 
differences caused the sandstone base-lines to be markedly different on the gamma-ray 
logs.  Therefore, the gamma -ray log data base was normaliz ed by Leibov itz (2010),  
Foster (2010) and Schwendeman (2011).  A good description of the normalization 
process is  found in Foster (2010).  In  general, these author s used a  regionally 
consistent 1000 foot interval in the middle to upper W illiams Fork Formation that  
comprised interbedded shale and sandstone lit hologies (lacking coal) to establish the 
minimum and maximum gamma-ray values.  The average pure sandstone value was 57 
API units, and the av erage pure shale v alue of 160 API on a 0- 200 API gamma-ray 
scale.  The following equation from the IHS Petra Software was used  for thes e 
calculations: 
LOGNRM = LOWNRM + (LOGVAL–LOWPICK)*(HINRM–LOWNRM)/(HIPICK –LOWPICK) 
 
where: 
 
LOGNRM = Normalized gamma-ray value (end product) 
LOWNRM = Gamma-ray value for sandstones (constant of 57 API) 
HINRM = Gamma-ray value for shale (constant 160 API) 
LOGVAL = Gamma-ray value 
LOWPICK = Gamma-ray value in the 5th percentile 
HIPICK = Gamma-ray value in the 95th percentile 
For the Wasatch Formation, additional nor malization was needed to adjust the 
values for gamma-ray logs that were collected behind surface casing.  A correlation was 
made at the base of casing to  isolate the cased interval .  The gamma-ray logs were 
then normalized above the casing, using the same equation described above.   The low 
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normalized value was  found to be 46 API and the high normaliz ed value was 155 API  
after several iterations to isolate the upper and lower 5% values.  This newly normalized 
cased interval was then spliced to the log interval above the casing point. 
Stratigraphic Correlation Methods and Display Types 
 Wireline log interpretation and correlati on were done entirely  in the software 
package IHS Petra.  The software allowed tops to  be picked quickly while using a 
variety of log displays  and datums.  The mapping and cross section modules allow t he 
correlated data to be displayed for rapid editing of the tops and to customize displays. 
Because the strata of the Wasatch Forma tion are entirely continental in origin, 
regional correlations are extremely challenging due to a lack of regional markers.  Many  
iterations of each c orrelation were made using different stratigraphic surfaces as  
datums until the correlations were internally consistent.  In addition, the correlations  
were displayed structurally and isopach maps were made to identify anomalies.  
To correlate the Wasatch Formation, four  types of wireline log displays  were  
used (Figure 12): (A) average gamma-ray, (B ) GR-ILD, (C) GR- averaged ILD, and (D)  
average ILD.  In general, the averaged gamma-ra y and ILD logs were useful to identif y 
gross stratigraphy and for displays with c losely spac ed wells; in  contrast, the non-
averaged logs were used to refine correlati ons and for displays  where wells were a 
considerable distance apart (ie. greater than one mile).  
The averaged gamma-ray display was used to identify gross intervals of mudrock 
versus sandstone (Figure 12A).  The averaged gamma-ray display uses a running  
Figure 12. Log Display Comparison. Gamma-ray log display (A) Averaged Gamma-Ray;  
B) GR-ILD, C) GR- Average ILD, and  D) Averaged ILD.  Low gamma-ray values 
(sandstones) are depicted in the color-coded gamma-rays as yellow or in the averaged 
gamma-ray by yellows and reds.  High gamma-ray values (shale) are depicted in the 
color-coded gamma-ray logs as grey or in the averaged gamma-rays blues and purples. 
Resisitivity values are measured by the ILD log: low values are depicted in color-coded 
ILD logs by purple and blue and high values are yellows and red.  
A) Averaged 
Gamma-Ray 
Display
B) GR-ILD
Display
C) GR- Averaged 
ILD
Display
D) Averaged
ILD
Display
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average ov er a 75 foot interval, sampling val ues ev ery 0.5 foot.  The colored display  
shows gross stratal changes between low gamma-ray sandstone and high gamma-ray 
mudrock intervals.  The low values are represented by red, orange, and yellow; 
whereas, the higher values are displayed as purple, blue, and green.   
In some portions of the basin,  the Wasatch Formation cons ists of a thick 
succession of mudrock and dis continuous s andstone units wit h no marker beds to 
differentiate between the intervals vertic ally, making correlati on using the gamma-ray 
log difficult.  The averaged resistivity display was helpful in evaluating those portions of 
the basin.  Because the resistivity log measures the electrical character of the pore fluid, 
an averaged resistiv ity log (F igure 12D) c an highlight lithology with similar pore fluid  
resistivity.  Resistivity logs can determine hydrocarbo n versus water bearing zones,  
indicate permeable zones, and determine por osity (Asquith and Krygowski, 2004).  
Consequently, an averaged ILD l og that would indicate gross changes of resistivity was 
displayed.  Similar to the average gamma-ray display, the averaged resistivity log uses 
a running average over a 75 feet thick inte rval, sampling ev ery 0.5 foot.  When 
displayed together, the gamma-ray and averaged re sistivity logs (Figure 12C) show the 
detail of the lithology while highlighting gros s resistivity changes.  For correlations with 
finer definit ion of the strata and for most of  the displays in this s tudy, the GR-ILD was  
used (Figure 12B). 
Stratigraphic Datums 
The interbedded s andstones and mudro cks of the Wasatch Formation do not  
contain clear, well defined st ratigraphic datums that can be used for correlation.  
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However, there are marker beds that are readily distinguishable and can be traced on 
well logs across a large portion of the basin.  These beds usually are a mudrock interval 
that overlies an interval that contains a greater proportion of s andstone or are at the 
base of beds with a consistent character, such as very high gam ma ray values.  These 
beds can be used as lithostratigraphic datum s, but the chronostrat igraphic significance 
of these beds is unknown.  
Mapping Sandstone Distribution 
An essential step to underst anding the log facies relations hips in each interval is  
to map the amount of sandstone in an interval .  The values representing the amount of 
sandstone are  calculated from the gamma -ray log and are the cumulative footage 
values greater than a certain API value.  The API v alues differentiate sandstone from 
shale.  However, because the gamma-ray l og reads the concentration of radioactiv e 
material, sandstone without significant sh ale content (“clean”) may have anomalous  
high gamma-ray values if potassium feldspar, micas, glauconite, or uranium-rich waters 
are present (Asquith and Krygowski, 2004).   
As a consequence, the neutron porosity log was used to determine the presence 
of radioactive material that would increase gamma-ray values.  The neutron-porosity log 
was visually compared to the gamma-ray log (Figure 13).  Neutron-porosity log s 
measure the hydrogen concentration in a roc k unit.  If shale is part  of a formation, then 
the neutron-porosity reading is  greater than the actual fo rmation porosity because t he 
hydrogen bonded to the clay is sensed as hydrogen in the pore space (Asquith and 
  
Figure 13.  Comparison of Gamma-ray and Neutron logs for one well in the northern 
and southern Piceance Basin.  There is a fairly good correspondence between the 
high gamma-ray values and the low neutron-porosity values except in the lower 
interval in the northern basin. 
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Krygowski, 2004).  T his “shale effect” implies that the ne utron porosity log can be a 
good indicator of shale (Steve Cumella, 2010,  personal c ommunication).  Therefore, if 
the gamma-ray reading is relatively high (indicating a shale component), but the neutron 
porosity reading is relatively low (not indica ting a shale  component), it is possible tha t 
the strata contain radioactive material.  
This obser vation is important to cons ider when choosing an API cutoff value 
when mapping the s andstone distribution.  In  Figure 13, the neutr on-porosity curve is  
displayed with higher values to the left (c olored purple) to indicate a higher clay 
component.  A visual comparis on indicates that the neutron log has a fairly good 
correlation with the gamma-ray logs.  One except ion are the lower strata in the northern 
basin, whic h have a low neutron signature that corresponds to moderate gamma-ray 
values and so possibly indicate radioactiv e material is present in  the matrix .  Thus, 
because the maps were generat ed for the entire bas in, a cons istent cutoff value of 80 
API was used because it defines the cleaner  sandstones and ar eas of high cumulativ e 
sandstone. 
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Depositional Interpretation 
 Depositional interpretations were made for the Wasatch Formation based o n the 
integration of multiple data sets, some co llected in the subs urface and some from 
outcrop.  Each of the data sets is reviewed to illustrate how the data were systematically 
merged to arrive at a final in terpretation.  All of these data sets were important because 
the emphasis of the study wa s on regional interpretation  and general deposition al 
interpretations rather than detailed correlations  at 10 acre spacing (ie. F oster, 2010).  
Three dat a sets are reviewed: (1) lithology  ties; (2) log fac ies; and (3)  log facies  
assemblages. 
Lithology Ties 
A critical part of this study is the corre lation of the extensive subsurface data to 
previous subsurface and outcrop studies.  As  a regional ass essment of the Pic eance 
Basin, United States Geological Survey (USGS) geologists published six cross sections 
of the Wasatch Formation that integrated cu ttings and wireline logs that were drilled 
before 1979 (Johnson, 1979a-c; J ohnson et al., 1979a-c).  The well cutting data were 
obtained from American Stra tigraphic Com pany (now IHS- Petra) and were used t o 
create detailed lithol ogic logs  on the cross secti ons (Ron Johnson, persona l 
communication, 2010).  The cros s sections corre lated the subs urface lithologic logs t o 
outcrop measured sections.  Additional measur ed sections were obtained from various 
graduate theses diss ertations, and geologic m aps.  These detailed lithologic logs or 
measured sections were tied to the nearest well  in this study with high quality gamm a 
ray and resistivity logs.  From these co rrelations, the lithology and depositional 
environments were inferred for each interval as well as the strati graphic level within a 
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formation.  Because the strati graphic level is known, it is possible to apply the 
descriptions found in out crop literature to the subsurface.  These well ties are found in  
Appendix A, along with the keys  to lithology, a refe rence map s howing locality of well  
and meas ured section ties, a nd a table with specific lo cations and references.  
References to outcrop literature are found within the text. 
Log facies 
 The lithologies and depos itional setting of the Wasatch Formation were 
interpreted through the correlation of the ga mma-ray wireline logs to Amstrat cutting 
descriptions.  These correlations (Well Ties  found in Appendix A) are used to define the 
log facies.  Nine log facies are defined in the Wasatch Formation and the gamma-ray 
character, generalized lithol ogy description, and interpret ed depositional processes are 
described (Figure 14).  The nine log fac ies in the Wa satch Formation that were 
identified and assigned a log facies code are: (1) C - coal, (2) Fmv – variegated 
mudrock, (3) Fmg – green or grey mudrock, (4) Fmgf – fossiliferous green or grey  
mudrock, (5) Fs – siltstone, (6) St – thinly bedded sandstone,  (7) Sm – moderately thick  
sandstone, (8) Sa - amalgamated sandstone, and (9) L – Limestone.   
Log facies Assemblages 
From the integration of the wireline logs and the lithology ties , two general 
sedimentary environments and related setti ngs were interpreted for the Wasatch 
Formation: distributary fluvial systems and lakes.  In a study of modern continental  
  
Table (Facies)
Facies Code
Facies Name/Basic 
Lithology
Gamma-ray Character
 Lithology (Johnson 
1979a-c; Johnson et al. 
1979a-c)
Depositional Process
C Coal Coal
Accumulation of plant debris 
in low-oxygenated ﬂoodplain
Fmv Variegated Mudrock
Variegated claystone or 
shale
Mud deposition in response to 
ﬂooding on DSF in subaerial 
environment 
Fmg Grey or Green Mudrock
Light, medium, or dark 
grey or green claystone 
or shale
Mud deposition in low 
topographic area adjacent to 
DSF in low-oxygenated 
ﬂoodplain or in lacustrine 
profundal zone  
Fmgf
Fossiliferous Grey or 
Green Mudrock
Light, medium, or dark 
grey or green claystone 
or shale with ostracods, 
gastropods, or ﬁsh 
remains
Lacustrine shoreline or littoral 
zone 
Fs Siltstone Siltstone
Distal Crevasse Splay, usually 
down DFS
St
Thinly Bedded 
Sandstone
Sandstone units between 
5-20 feet thick
Down DFS Channnel or 
Crevasse Splay
Sm
Moderately Thick 
Sandstone
Sandstone units between 
20-50 feet thick
Upper DSF channel or 
crevasse splay or Lacustrine 
shoreline  
Sa
Amalgamated 
Sandstone 
Sandstone Units greater 
than 50 feet thick
Contributory Channel
L Limestone Limestone
Lacustrine shoreline or littoral 
zone 
45 171GR
05045101240000
05103110660000
05045101240000
05045101240000
05103110600000
05103110600000
05045101240000
05103110600000
05103110600000
Figure 14.  Log facies.  Facies codes, facies names, gamma-ray character, lithology, and 
depositional processes are shown.
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basins, Weissmann et al. (2010) and Hartley et al. (2010) f ound that, without exception, 
distributary fluvial and allu vial systems d ominate depositio nal settings regardless of  
climate and tectonic settings.  T herefore, the modern systems a re good analogs for the 
deposition of the lower Wasatch Formation in an intermontane basin.  A Distributar y 
Fluvial Sys tem (DFS) is a “pattern of c hannel and floodplain d eposits that radiate 
outward from an apex that is located wher e the river enters the sedimentary basin”  
(Weissmann et al., 2010, p. 39).  Features common to a DFS include (Figur e 15A): (1) 
deposition where an alluvial system becomes unconfined upon entering the  
sedimentary basin; (2) channels f orm a radial pattern from an apex; (3) common down-
DFS decrease in channel size; (4) down-DFS dec rease in grain size; (5) lack of lateral 
channel confinement on DFS; (6) a broadly f an shape that is convex upward across  
DFS and concave upward do wnfan; and (7) an intersection point where upfan the 
system is confined in an incised valley and downfan it spreads out.  An important aspect 
of the application of this model to the Wasa tch Formation is the potential to preserve a 
large amount of fine grained se diment.  Specifically, nodal av ulsion of rivers near the 
apex or intersection point allows  fine grai ned sediment to be readily preserved and 
discontinuous sandstone bodies t o be deposited.  In contrast, rivers present in incised 
valleys rework and winnow out fine gr ained sediment (Weissmann, 2010), and 
therefore, would not readily preserve large amounts of  fine grained sediment that are 
found in the lower Wasatch Formation.  
The final s tep in the interpretation is t he integration of the log facies with the 
general depositional model.  For this study, the lower Was atch Formation was  
interpreted to have sandstone distribution patterns that follow the general trends shown 
Figure 15.  Distributary Fluvial Systems (DFS): (A) Schematic summary of key characteristics of DFS  
(Weissmann et al., 2010 and Hartley et al., 2010);  (B) Schematic of facies assemblages used in this study 
related to key characteristics of the DFS (modified from Weissmann et al., 2010) .
DFS: (2) Radial pattern from an apex, downstream bifurcation
(3) downstream decrease in channel size 
(4) down DFS decrease in grain size
(5) lack of lateral confinement
(6) fan shape; convex upward across DFS, 
                       concave upward down fan
Upper DFS
Lower DFS
Lower DFS
W
el
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ra
in
ed
 
Fl
oo
dp
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in
Poorly 
Drained 
Floodplain
or
Lake
Well Drained
Floodplain
A
B
Upper DFS
Lower 
DFS
Axial DFS: (1) expands where unconfined 
by lateral DFS input, terminates in playa/lake
Axial System: pinned between DFS on either side of basin, 
relatively coarse sediment through reworking of fines, 
DFS toe sometimes reworked, fines deposited downstream
(7) Entrenched DFS: Intersection 
point down-dip in basin
Axial System
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by Weissmann (2010) (Figure 15B).  The Distr ibutary Fluvial Systems were then further 
divided int o five facies assemblages, bas ed on the relative am ount of net sandstone 
mapped, the gamma-ray log character, and the lithology in the interval:  
1.  Upper DF S. Characteristics of the Upper DFS log facies assemblage inc lude 
(Figure 15B, 16A): (a) the greatest amount of net sandstone on the net 
sandstone map; (b) possibly an apex usually near the bas in edge, indicating a 
possible sediment input point, on the net sandstone map; (c) gamma-ray log 
patterns that generally have overall low gamma-ray values, with sharp bases that 
may be amalgamated, interbedded with m oderate gamma-ray values; and (d) 
mostly moderately thick sandstone (log facies Sm) with some thinly bedded 
sandstone (log facies  St), s iltstone (log facies Fs) an d variegated mudrock (log 
facies Fmv). 
2.  Lower DFS. Characteristics of the Lower DFS log facies assemblage are (Figure 
15B, 16B): (a) a relatively moderat e amount of net sandstone on the net 
sandstone map; (b) usua lly s urrounds the Upper  DFS; (c) gamma-ray log 
patterns that generally have moderate gamma-ray values with interbedde d with 
low gamm a-ray values that are sharp based; and, (d) mostly thinly bedded 
sandstone (log facies Sm), siltstone (log facies Ss),, and variegated mudrock (log 
facies Fmv), with a minor amount of moderately thick sandstone (log facies Sm).   
3. Well Drained Floodplain. Characteristics of the Well Drained Floodplain log facies 
assemblage are (Figure 15B, 16D): (a) a relatively low amount of net sandst one 
on the net sandstone map; (b) usually surrounds the Lower DFS; (c) gamma-ray  
log patterns, some  
Upper Distributary 
Fluvial System
Down Distributary 
Fluvial System
45 171GR 45 171GR
Facies Assemblage: minor St, 
Fs, Fmg
Gamma-ray: High (120-170 API) 
05045101240000  05045052040000 05045101240000  05045052040000
0.7 mi/1.1 km 0.7 mi/1.1 km
Well Tie 23 Well Tie 23
1 in = 200 ft 1 in = 200 ft
45 171GR
Poorly Drained Floodplain
05103110660000  050103051430000
1.5 mi / 2.4 km
Interval 5, Well Tie 19
1 in = 100 ft
45 171GR
Well Drained Floodplain
Gamma-ray: Mod. to High (90-170 
API) interbedded with low (45-80). 
Often cusped shaped vertical 
trends.
05103110660000
1.5 mi / 2.4 km
Interval 2, Well Tie 19
1 in = 200 ft
Facies Assemblage: minor Sm, St, 
Fs, Fmv
Gamma-ray: Moderate (90-120 API) 
interbedded with 5-25 ft. low (45-80 
API) interbeds, sometimes sharp 
based
Facies Assemblage: majority Sm, 
St, Fs, Fmv
Gamma-ray: Low (45-80 API) 
sandstone, sometimes sharp based, 
and/or amalgamated,  interbedded 
with moderate (90-120 API)  
mudrock and siltstone. 
Siltstone
Sandstone
Sandstone with prominent 
calcite mineralization; cross 
beds
Clay rip-up clasts
Mudstone1 in = 30 ft
WellTie 39
Lorenz (1996)
05045100890000
Axial System
171GR45
Gamma-ray: Very Low (45-60 
API) sandstone,  sharp based, 
and amalgamated.  
Lithology
A. UDFS B. DDFS C. PDF
D. WDF
E. CFS
05103110600000  050103051430000
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Figure 16
Figure 16.  Log Facies Assemblages: (A) - (E) are related to 
Distributary Fluvial Systems assemblages and (F)- (I) are 
related to lacustrine assemblages.
Lacustrine Delta Clastic  
Lacustrine Shoreline45 171GR
45 171GR
Facies Assemblages: Fmv and 
Fmg (majority); Ss and St.
Gamma-ray: High (120-170 API) 
with low-moderate (60-80 API) 
thin, sharp based and topped 05045101240000  05103052120000
05103106110000  05103052290000
1.9 mi/3.1 km
Interval 8, Well Tie 3
Interval 10, Well Tie 41
1 in = 200 ft
1 in = 100 ft
45 171GR
Shallow Lacustrine 
1.1 mi / 1.8 km
Interval 10, Well Tie 42 
1 in = 200 ft
Facies Assemblage: majority Sm and 
Fmgf
Gamma-ray: Low (45-60 API), sharp 
based and topped, interbedded 
low-moderate (60-80 API)  
Facies Assemblage:  Fmgf, St and C
Gamma-ray: Low value (45-80 API) 
sandstone or highly calcareous 
mudrock, thinly bedded (5-10 feet), 
overall vertical trend sometimes is high 
to low values,  interbedded with 
moderate value (90-120 API)  mudrock 
and siltstone. 
0.35 mi/0.56 km
05103100940000 005103051850000
Fmgf/St
Fmgf/St
Sm
Sm
Fmgf
Sm
Fmgf
St
St
St
Ss
Fmv/St
Fmg
Fmv
F. G. H. 
C
Deep Lacustrine 
I.  
45 171GR
1.5 mi/2.4 km
Interval 11, Well Tie 19
1 in = 300 ft
Facies Assemblage:  L, St, and 
Fmgf 
Gamma-ray: Low-moderate 
(60-80 API) thin, sharp based and 
topped interbedded with moder-
ate- high 80-120 
Fmgf
Fmgf/St
St
L
L
Fmgf
Fmgf/St
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cusped shaped, that generally have m oderate-high gamma-ray valued mudr ock 
with interbedded with few low gamma-ray sandstones; and, (d) thinly bedded 
sandstone (log facies St), s iltstone (log facies Fs), and ei ther variegated or grey  
to green mudrock (log facies Fmv or Fmg).   
4. Poorly Drained Floodplain.  Characteristics of the Poorly Drained Floodplain log 
facies ass emblage are (Figure 15B, 16C): (a) a very low amount of net 
sandstone on the net sandstone map; (b) usually is not associated with a fluvial 
system; (c) gamma-ray log patterns generally have high gamma-ray valued 
mudrock; and (d) mostly siltstone (log facies Fs), and grey to green mudrock (log 
facies Fmg), with minor thinly bedded sandstone (log facies St).   
5. Axial System. Characteristics of the Axial System log facies assemblage are 
(Figure 15B, 16E): (a) very high amount  of net sandst one on the net sandst one 
map; (b) usually is near ly linear  on the net sandst one map; (c) gamma-ray log 
patterns generally have low gamma-ray values that are sharp base, have a 
blocky pattern, and are amalgam ated; and (d) is mostly amalgamated sands tone 
(log facies Sa)  
 Bohacs et al. (2000) present ed three models of lake s ystems based, in part, on 
studies of the Green River Formation in th e Sand W ash, Washakie, and Green Riv er 
Basins: overfilled, balanced, and underfilled.  The over filled and balanced types of lak e 
basins are recognized in the upper Wasatch Formation in this  study (Figure 17).  An 
overfilled lacustrine b asin has th e following  characteristics: (1) the sup ply of sedimen t 
and water  is greater than accommodation; (2 ) has a fluvial-lacustrine log facies 
association including fluvial deposits (sandstone, siltstone, and mudrock) and 
Conglomerate
Sandstone
Siltstone
Mudstone
Carbonate
Evaporite
Coal
Scour
Conglomerate
Sandstone
Siltstone
Mudstone
Carbonate
Evaporite
Coal
Scour
(A)
(B)
Mudcracks
Stromatolites
Tufa
Ooids
Macrophytes
Molluscs
Ostracods
Phytoplankton
Mudcracks
Stromatolites
Tufa
Ooids
Macrophytes
Molluscs
Ostracods
Phytoplankton
Figure 17 .  Schematic diagrams of 
lake basin types shows lithofacies, 
sedimentary stuctures, biogenic 
fauna and flora,  facies assembalges 
and stratal patterns : (A) Overfilled 
Basin, and (B) Balance-fill Basin. 
(From Bohacs et al., 2000)
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 coal; and (3) sedimentation is  driven by shoreline progradat ion and delta channel  
avulsion.  The balanc ed-filled basin has the fo llowing characteristics:  (1) the supply of  
sediment and water  is approximately equal  to acc ommodation; (2) a fl uctuating-
profundal log fac ies association includ ing interbedded s andstone, mudrock, and 
carbonates; and (3) a combinat ion of progradational s iliciclastic deposition and 
aggradation of chemical desicc ation cycles.  These concepts are es pecially important 
for understanding the upper intervals of the Wasatch Formation in the northern basin. 
The upper part of the Wasatch Forma tion includes sandst one distribution 
patterns that align with the lake models of  Bohac et al. (2002).  The lacustrine 
sediments were divided into four facies assemblages, based on the relative amount of 
net sandstone mapped, the gamma-ray log character, and the lithology in the interval:   
1. Lacustrine Delta. Characteristics of t he Lacustrine Delta log facies assemblage 
are (Figure 16F): (a) a high amount of net sandstone on the net sandstone map;  
(b) possibly fan shape or li near with the apex near the basin edge, indicating a 
possible sediment input point, on the net sandstone map; (c) gamma-ray log 
patterns that generally have low gamma-ray values, that are thinly bedded with 
vertical trends that from high to low or a cusped shaped, interbedded with 
moderate gamma-ray values; and (d) mostly  thinly bedded sandstone (log facies 
St) interbedded with fossilifer ous green to gray mudrock (log facies Fmgf) and 
possible coal (log facies C).   
2. Clastic Influence Lac ustrine Shoreline.  Characteristi cs of the Clastic Lacustrine 
Shoreline log facies assemblage are (Figure 16G): (a) a high to moderate 
amount of net sands tone on the net sand stone map; (b) a linear or cusped 
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morphology that is adjacent to lacustrine log facies on the net sandstone map; (c) 
gamma-ray log patterns that generally have low values and are sharp based and 
topped, thinly bedded with vert ical trends  that from high to low or a cusped 
shaped, and are interbedded with moderate gamma-ray values; and (d) mostly 
moderately thick sandstone beds (log facies Sm) interbedded with fossiliferou s 
green to gray mudrock (log facies Fmgf). 
3. Shallow Lacustrine.  C haracteristics of the Shal low Lacustrine log facies 
assemblage are (Figure 16H): (a) a lo w amount of net sands tone on the net  
sandstone map; (b) a linear or circular morphology on the net sandstone map; (c) 
gamma-ray log patterns that generally  hav e high values and interbedded low-
moderate values that are sharp based and topped; (d) and mostly variegated (log 
facies Fmv) and green to gray mudrock (log facies Fmg) with m inor amounts of  
thinly bedded sandstone (log facies St) and siltstone (log facies Ss).   
4. Deep Lacustrine.  Characteristics of the Deep Lacustrine log facies assemblage 
are (Figure 16I): (a) a high to moderat e amount of net sandstone on the  net  
sandstone map (even though th e actual lit hology is not sandstone); (b) gamma-
ray log pat terns that generally have low-moderate gamma-ra y values and are 
sharp bas ed and topped, are thinly  bedd ed, and have vertical trends that are 
cusped shaped; (c) are interbedded with moderate-high gamma-ray valu es; and 
(d) are mostly fossiliferous green to gray  mudrock (log facies Fmgf), limestone 
(log facies L), and thinly bedded sandstone (log facies St).  
42 
 
WASATCH FORMATION STRATIGRAPHY 
This study defined twelve stratigraphic in tervals for the Wasatch Formation in the 
subsurface.  The intervals are shown schemat ically in a regional cross section (Figure  
18) and in regional gamma-ray cr oss sections (Figures  19-22).  In general, Intervals 2 
through 11 are present throughout the ent ire bas in.  Interval 1 is present only in the  
southeast, and Interval 12 is pr esent mostly in  the c entral to north basin.  The lower 
intervals (1-6) are interpreted to be part of  Distributary Fluvia l Systems, w hereas the 
upper intervals (7-11) are mostly lacustrine in origin.   
The regional stratigraphic relationships of  the Distributary Fluvial Systems of the 
lower inter vals (1-6) is describe d as follows (Figures 19-22):  Interval 1, consisting of 
sandstone interbedded with mudrock units , is only present in the southeastern basin 
where the interval onlaps the underlying unconfo rmity to the west (Fig ure 22);  Interval  
2, consisting of mudrock interbedded with sandstone units, is correlated to onlap t he 
Divide Creek anticline (Figur e 22), overlies the unconformity  at the top of Mesaverde 
Group where Interval 1 is not present (Figur es 19, 20, and 21), and thickens to the east 
in the central basin ( Figure 21);  Interv al 3, consisting of mudrock interbedded with 
sandstone units, is thicker and has a greater s andstone content to the north (Figure 19, 
20) and to the west (Figure 21), and is thin in the southeast (Figure 22);  Interval 4, 
consisting of sandstone inter bedded with mudrock unit s, is thicker and more sandstone 
prone to the north (Figure 19, 20) and southeast (Figure 22); Interval 5, consisting of  
mudrock, is present throughout the basin and is thin in the southwest (southern end of  
Figure 19; western end of Figure 22) and thicker with interbedded sandstone units in the 
Figure 18.  Schematic of regional cross 
section showing the 12 intervals of the 
Wasatch Formation across the Piceance 
Basin.  Structural elements (below) and 
field names (above) are shown.  The 
uppermost green layer is a representation 
of the Green River Formation.  Note the 
changing orientation of the cross section is 
shown by the dashed line.  
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southeast (eastern end of Figure 22); and In terval 6, consisting of sandstone wit h 
interbedded mudrock, contains two natur al gas producing sands tone bodies (the “G” 
Sandstone), one at the base of the interval in the north and central basin (Figure 19, 20) 
and the other at the top of t he interval (on the western side of Figur e 22) and is  
substantially thicker east of the Divide Creek Anticline. 
The regional stratigraphic relat ionships of the fresh-water lacustrine upper  
intervals (7-12) are described as follows.  Inte rval 7, consisting of mudrock, is present 
throughout the basin (Figures 19-22) and thick ens in the northern basin (Figures 19,  
20).  Interval 8, consisting of sandstone interbedded with mudrock units, is thicker to the 
east and s andstone-rich to the west (Fi gure 20), and the sand stone units change from 
probable lacustrine origin in the north (northern end of Figure 19)  to fluvial or igin in the 
south (southern end of Figur e 19).  Interval 9, consisting  of mudrock, is present basin-
wide and thicker to the north (Figures 19-22) .  Interval 10, consisting of interbedded 
sandstone and mudrock, is thicker to th e northeas t (eastern side of Figure 20), 
sandstone rich to the northwest (western  side of Figure 20), and both thick and  
sandstone-rich to the south (eastern side of  Figure 21);  Interval  11, consisting of 
interbedded mudrock, limestone,  and sands tone units, is thicker to the east and either  
sandstone or carbonate rich to t he west (Figure 20) and southeast (eastern side of  
Figure 21; Figure 22). Interval 12, consisti ng of interbedded sands tone, siltstone, and 
mudrock, is thin (as compared to the other  intervals) and marks the upper boundary of 
the fresh-water lacustrine strata. 
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Nomenclature 
An important aspect of this study is to re late the twelve intervals of the Wasatch  
Formation defined in the subsurface to the nomenclature developed primarily in outcrop 
studies (Figures 18, 23-25).  To the north (F igures 23), Intervals 2-5 are equivalent to 
the Fort U nion Formation; Intervals 6 and 7 are equivalent to the Wasatch Formation; 
Intervals 8-11 are equivalent to the Cow Ridge Member of the Green River Formation or 
the Dark Shale Lithof acies of the Wasatch Fo rmation; and Interval 12 is  equivalent to 
the Tongue of the Wasatch Formation.  To the southwest (Figures 24), Intervals 2-5 and 
the lower portion of Interval 6 correspond to  the Atwell Gulc h Member of the Wasatc h 
Formation; the upper  portion of Interval 6 and Intervals 7 and 8 are equivalent to the 
Molina Member of the Wasatch Formation; and Intervals 9-12 are equivalent to the 
Shire Gulch Member of the Wasatch Formation.   To t he southeast (Figure 25), Interval 
1 is equiv alent to the volcaniclastic-rich uni t of the Wasatch Formation; Interval 4 is 
equivalent to the M olina Member; Interval 5 is  equivalent to the Shire Member; 
andInterval 6 is equivalent to the Sandstone Unit of the Sh ire Member.  Importantly, the 
G Sandstone, a petroleum-industry term for a productive sandstone unit in Rulison and 
Parachute fields as well as fields  to the north, is part of Interval 6.  However, the unit is  
at a slightly different strati graphic level in t he basin.  To the north, the G sandstone is 
present at the base of the interval 6; to the south, the G sandstone is found at the top of 
interval 6.   
Interval Descriptions 
Each of t he twelv e intervals  defined in this study are described below 
systematically in terms of their isopach trends, net sandstone trends, and wireline log  
Figure 23.  Nomenclature of Northern 
Basin.  Relates outcrop and well nomencla-
ture in the northern basin to intervals of this 
study.  Intervals 2-5 are the Fort Union 
Formation; Intervals 6 and 7 are the 
Wasatch Formation, where the G Sandstone 
is located at the base of Interval 6; Intervals 
8-11 are referred to as either the Cow Ridge 
Member of the Green River Formation or as 
the Dark Shale Facies of the Wasatch 
Formation; and, Interval 12 is the Tongue of 
the Wasatch Formation.
 
Crystal Creek Anticline
(Cross section turns from N-S to E-W)
Be
nd
 in
 C
ro
ss
 S
ec
tio
n
Mamm
Creek
W
hi
te
 R
iv
er
 D
om
e
R
ed
 W
as
h 
S
yn
cl
in
e
Ye
llo
w
 C
re
ek
/
P
ic
ea
nc
e 
C
re
ek
 A
nt
ic
lin
e
S
ul
ph
ur
 C
re
ek
 A
nt
ic
lin
e
U
n-
na
m
ed
 S
yn
cl
in
e
U
n-
na
m
ed
 A
nt
ic
lin
e
D
iv
id
e 
C
re
ek
 A
nt
ic
lin
e
C
ry
st
al
 C
re
ek
 A
nt
ic
lin
e
C
ry
st
al
 C
re
ek
 A
nt
ic
lin
e
N S W E
White River Dome
Yellow
Creek
Ryan 
Gulch
Sulphur
Creek
Figure
Four
Trail
Ridge
Grand 
Valley Parachute Rulison
Interval 1
Interval 2
Intervals 3-5
Interval 6
Interval 7
Intervals 8-10
Interval 11
Interval 12
Green River Formation 
Location of Cross Section
KEY
Unconformity at Base of 
Wasatch Fromation
Bend in Cross Section
North Tongue of Wasatch Formation (Twt)
Cow Ridge Member of Green River (Tgc)
Dark Shale Facies of Wasatch Formation (Twds)
Wasatch Formation (Tw
Fort Union Formation (Tfu) 
G Sandstone
Figure 24.  Nomenclature of Southwestern 
Basin.  Relates outcrop nomenclature in the 
southwestern basin to intervals of this 
study.  Intervals 2-5 and the lower part of  
Interval 6 are the Atwell Gulch Member of 
the Wasatch Formation; the upper part of 
Interval 6 and Intervals 7 and 8 are the 
Molina Member of the Wasatch Formation; 
and Intervals 9-12 are the Shire Gulch 
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characteristics.  Next, the interval is related to the those wells with cuttings described by 
Johnson ( 1979a-c) and Johnson et al. (1979a-c) to aid in lithology to wireline log 
correlation and age determination.   Then, the interval is also compared with coeval 
outcrop for confirmation of age determination,  lithology, and also general depositional 
setting.  Finally, a depositional interpretation for each interval is presented based on the 
integration of all these data, and using the general m odels of W eissmann (2010) and 
Bohacs et al. (2000), as discuss ed above.  The emphasis of the discussion of each 
interval is on regional stratigraphic relations hips and internal log c haracter.  The details  
of the stratigraphic architecture will hopefully be done in subsequent studies. 
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Interval 1  
Interval 1 is the basal unit of the Wasa tch Formation, and primarily consist s of 
volcaniclastic fluvial sandstones and c onglomerates interbedded with mudrock.  
Significantly, Interval 1 is only present in the southeastern portion of the Piceance bas in 
(Figures 18, 26).  The regional stratigraphi c relation s for Interv als 1 and 2 are best 
illustrated when the top of Interval 2 is used as the datum (Figures 27, 28).  The interval 
is recognized by the presence of sandstone beds  exhibiting high resistivity values and 
associated low gamma-ray readings (Figures 27, 28). 
Stratal Thickness Variations 
The thickness of Interval 1 varies betwe en 0 to 900 feet, and the iso-contours  
trend north-northwest (Figure 26) .  In general, the greatest thickness is in the central 
portion of the map, and the interval thins to the west and east (Fi gures 26-28).  Four 
discrete areas of significant isopach thi cknesses are present: (1) between 700 and 900 
feet in T8S R93; (2) a 600 foot t hick northerly trend in T9S R93- 94W; (3) an 800 foot 
northwest trend in T 6S R93W; and (4) a 400 foot  increase in northern Rulison field.  In 
addition to significant iso-thick localities, there are areas of abrupt thinning.  The interva l 
thins to the west from 500 feet  to zero in about 6 miles w here it onlaps and pinches out 
against the underlying Mesaverde Group in eastern Grand Valley Field (Figures 26, 27).  
To the east in Mamm Creek field, the interv al thins over the northwestern terminus of  
the Div ide Creek anticline in T7-8S R91-92W.  The nort hern, southern, and eastern 
edges of the interval are unknown due to the lack of well penetrations (Figure 26) 
  
Figure 26.   Isopach Map of Interval 1.  (A)  
Regional map shows Interval 1 is present 
only in the southeastern basin. (B) Detailed 
isopach map.  Locations of wells (black 
dots), Figures 27 and 28, representative well 
logs (Figure 30), and well ties are shown.Con
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Figure 27. Gamma-ray and resistivity cross sections illustrating Interval 1:  (A) structural cross section (V.E. = 8.5) with Interval 1 
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eastern Grand Valley field and thins in Mamm Creek field.  There is an increase in gamma-ray and resistivity values in the central 
and eastern basin (Rulison and Mamm Creek fields). See Figure 26 and 29 for location of cross section.  Well numbers 8 and 30 are 
shown in greater detail on Figure 30. 
EW
1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25
(A)
(B)
RulisonParachute Mamm Creek
1 2 3 4 5 6 7 8 9 10 11 1213 1415 16 17 1819 20 21 22 23 24 25
Grand Valley
ft / m
5000/1524
4000/1219
2000/607
3000/914
1000/305
0/0
Elevation
6000/1828
ft / m
5000/1524
4000/1219
2000/607
3000/914
1000/305
0/0
Elevation
6000/1828
ft / m
200/61
600/183
1000/305
1200/366
Depth
0/0
800/244
400/122
1400/427
1600/488
26 27 28 29 30 31 32 33 34
Interval  1
Interval  1
ft / m
200/61
600/183
1000/305
1200/366
Depth
0/0
800/244
400/122
1400/427
1600/488
V
E
 =
 2
4
V
E
 =
 8
.5
D
ivide C
reek
 A
nticline
D
ivide C
reek
 A
nticline
Mesaverde
Group
Mesaverde
Group
Onlaps unconformity 
on western edge  Increased gamma-ray and resistivity responses 
Flattened on top of Interval 2
45 171GR
<10 ILD 44
Key
4.5 miles / 7.2 km
Scale
0
Fig. 30A
Fig. 30B
Figure 28. Interval 1 Cross Sections along iso-thick. (A) structural cross section (V.E. = 7.1) with Interval 1 highlighted and (B)  strati-
graphic cross section (V.E. = 53) flattened on the top of Interval 2.  The interval has fairly uniform characteristics except in the north 
where it thickens (about 400 feet from well 4 to 1), the fraction of sandstone decreases, and the resistivity values are lower.   See 
Figure 26 and 29 for location of cross section. 
SN
Interval 4
Interval 4
 (A)
 (B)
45 171GR
<10 ILD 44
Key
4.6 miles /  7.4 km
Scale
0
Rulison Brush Creek Vega
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ft / m
5000/1524
4000/1219
2000/607
3000/914
1000/305
0/0
Elevation
6000/1828
ft / m
5000/1524
4000/1219
2000/607
3000/914
1000/305
0/0
Elevation
6000/1828
ft / m
200/61
600/183
1000/305
1200/366
Depth
0/0
800/244
400/122
1400/427
1600/488
1800/549
ft / m
200/61
600/183
1000/305
1200/366
Depth
0/0
800/244
400/122
1400/427
1600/488
1800/549
Interval  1 Interval  1
Interval  1
Interval  1
VE
 =
 5
3
VE
 =
 7
.1
Interval thickens, 
sandstone content decreases, 
and resistivity values are lower.
58 
 
Net Sandstone Distribution 
 The net sandstone distribution (Figure 29) has some similarities and difference s 
in trends t o the isopach map (Figure 26).  Similar  to thicknes s trends, the amount  of  
sandstone decreases towards the western extent of Interval 1 and at the terminus of the 
Divide Creek anticline.  Howe ver, the net sandstone trend is to the north-northeast 
(Figure 29), in contrast to the nor th-northwest iso-thick trends (Figure 26).  T he highest 
amounts of net sandstone are pres ent in three places: (1) is in T8S R92-93W (200-250 
feet); (2) T6-7S R92W (greater than 250 feet); and (3) T6S R9 3W (between 200 and 
250 feet)(Figure 29).  Notably, a decrease in sandstone content is present in the 
northern Rulison Field, even t hough the overall thickness of Interval 1 increases to the 
north (Figures 28).   
Basal Log Contact 
The basal contact of Interval 1 was init ially defined  and correlated by Leibovitz  
(2010) as the top of the Mesa verde Group; minor adjustments were made in this study.  
Regionally, this lower  contact corresponds to  an unco nformity that developed early  in  
the Laramide orogeny.  In general, the basal contact bet ween the Upper Cretaceous  
Mesaverde Group and the Lower Tertiary Wasa tch Formation is defined as the point of 
marked decrease in resistivity values th at corresponds to the top of a high net  
sandstone zone in the Mesaverde Group on the gamma-ray log (Figure 30A).  However, 
this correlation can be difficult r egionally due to the c hanging values of the resistivity  
and gamma-ray overlying the contact (Figures 27, 28, 30B).  In some areas, the base of 
Interval 1 separates changes from low resistivity and high gamma-ray values 
  
Figure 29.   Net sandstone map of Interval 1.   
(A)  Regional map shows Interval 1 is present 
only in the southeastern basin. (B) Detailed 
net sandstone map. Locations of wells (black 
dots), Figures 27 and 28, and representative 
well logs (Figure 30) are shown.Co
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(uppermost Mesaverde Group)  to high resi stivity and low gamma-ray values  (Wasatch 
Formation) (Figure 30B); thus, the contra st between Interval 1 with the underlying 
Mesaverde Group is distinct everywhere.   
Internal Log Characteristics 
 In general,  Interval 1 consists of  sandstone beds interbedded with siltstone and 
mudrock (Figures 27, 28, 30).  The sands tone beds are usually ass ociated wit h 
pronounced increase in resistiv ity values,  sometimes greater than 44 ohms (Figure 
30B).  However, changes in res istivity values are acc ompanied by changes in gamm a-
ray values; specifically, as the gamma-ray val ues decrease, the resi stivity values also 
decrease (Figure 30 A).  Sandstone bodies hav e three general vertical trends on the 
gamma-ray logs.  First, some sandstone bodie s have a sharp base and are overlain by  
a low gamma-ray response that  increases upward (at  3120 foot depth on F igure 30B); 
second, some sandstones have a blocky gamma-ray signature (2810 foot depth on 
Figure 30B); or third, be thinly bedded (at 2600 foot depth on Fi gure 30 B).  The 
regional distribution of Interv al 1 log signatures are s hown on Figures  27 and 28.  
Regionally, the gamma-ray log indicates greater net sandst one amounts with hig h 
resistivity values are present in the Parachute, Rulison, and eastern Mamm Creek  
fields.  The high resist ivity values of Interval 1 decrease to the north as the gamma-ray 
logs indicate less net sandstone (Figure 28).   
Upper Contact 
 The upper contact is usually placed at  the stratigraphically  highest sandstone 
bed exhibiting the anomalous ly high resistiv ity values (Figures 27, 28, and 30).  
However, where the upper sand stone is not present, the cont act is placed at a change 
from low to high resistivity values (Figure 30A).  When the resistivity log is not available, 
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the upper contact of Interval 1 is defined as the point where the gamma-ray values 
decrease, generally, separating the underlying higher net:gross strata from overlying 
lower net:gross strata (Figure 27, Wells 9-14). 
Well and Outcrop Ties  
Two wells with Amstrat cutting data are tied to wells in this study, aiding in  the 
depositional interpretation.  Well Tie 9 (A ppendix A) shows the c orrelation between the  
1 Hells Gulch well (Johnson et al. 1979b) to the Perryman 10-13 well log (this study).  
These wells are located in  T8S R92W, south of Mamm Creek field, and are 1.6 
miles/2.6 km apart (Figures 26, 29).  Cuttings indicate that Interval 1 generally consists  
of interbedded: (1) calcareous sandstone uni ts (some being arkosic) ranging in 
thickness f rom about 10 to 70 feet;  (2) thin (10-20 foot) siltstone unit s; and (3) 
variegated claystone or shale b eds ranging from about 50 to 150 feet.  Note that the 
high resistivity values are associated with the coarse grained units in Well Tie 9.   This 
lithology is  defined by Johnson et al. ( 1979b) as an “unnamed conglomerate” that 
overlies the unconformity in the lowermost Wasatch Formation; the correlation indicates 
that Interval 1 is Paleocene in age in this position of the basin. 
Well T ie 7 (Appendix A) shows  the corre lation of the 1 Al fill Skonberg well  
(Johnson et al. 1979b) to the HMC 9-13C well l og (this study).  These wells are located 
in T7S R93W, on the west si de of Mamm Creek field, and ar e 0.7 miles/1.1 km apart 
(Figures 26, 29).  The lower 500 feet of Interval 1 consists of conglomerate with igneous 
pebbles (25 to 75 feet thick)  interbedded with siltstones, s andstone, and light grey or  
green claystone or shale.  The overlying 600 feet thick unit consists of interbedded: (1) 
calcareous sandstone units (som e being arkosic) that range in thickness from about 10  
to 70 feet; (2) siltstone ranging in thickness  from about 10 to 50 feet; and (3) variegated 
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claystone or shale beds.  The lower unit  correlates to the “unnamed conglomerate” 
whereas the upper unit correlates to the lo wer Atwell Gulch Member of the Wasatch 
Formation, as defined by Johnson et al. ( 1979b): both are indicated as Paleocene in 
age.  
Pertinent data from literature 
In outcrop, two lowermost Wasatch units  contain conglomerate: an unnamed 
basal conglomerate and a volcaniclastic un it (Johnson and Flores, 2003).  The older  
unit is a thin (usually less than 30 feet ) unnamed basal Tertiary conglomerat e present 
throughout most of the Pice ance basin ( Figure 8) and is thought to be bounded by  
unconformities (Johnson, 2003).  The unnamed basal Tertiary conglomerate is not 
addressed in this  study, whereas the volcaniclastic unit is In terval 1.  Shroba  and Scott 
(2001) described the younger  unit in greater deta il as  an informally named 
‘volcaniclastic-rich unit ’ found only in the southeastern outcrop on the Silt Quadrangle.  
The unit c onsists of thick multicolored cl aystone, mudrock, and s iltstone interbedded 
with less abundant intervals of coarse grained fluvial sandstone and conglomerate.  The 
clasts in the sandstones and conglomer ate ar e almost exclu sively andesitic.  The 
volcaniclastic unit thickens to the west-north west in the Silt Quadr angle, from 475 feet 
(145m) in Section 29 T5S R91W  to 820 feet ( 250m) in Section 17 T5S R92 W.  At Rifle 
Gap, Johnson and Flores (2003) report crossbeds are too sparse to obtain a paleo-flow 
direction within individual sandstone units that are about 86 feet thick.   
At Government Creek, 10 miles northwest of the ci ty of Rifle (T5S R93W), 
Greubel (1987) and Johnson ( 2003) found only a t hin (3 feet) volcanic clast rich 
conglomeratic bed at the top of the lowermost distinct  strata defined by  Greubel.  Th e 
lowermost strata are middle Paleocene (dir ectly above the unconformity, as indicate d 
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from palynology), thin (163 ft), and dominantly dar k-tan, s ilty claystone to clayey 
siltstone and are very calcareous. 
Tweto (1975) indicat es that  the andesitic clasts in sandstones in the southern 
Piceance Basin are similar to sediments ly ing at the bottom of orogenic sedimentary 
strata in other basins.   The andesitic sedi ments flank a northeast- trending volcanic belt 
where the southern Piceance Basin sediments are on the northwest side.  The Colorado 
Mineral Belt is a som ewhat narrower belt within the broader volc anic belt.  As these  
sediments contain admixed detritus fro m Precambrian rocks, Tw eto (1975) indicates  
that uplift and erosion occurred prior to a volcanic episode.  The episodes in the  
Sawatch Range, dated to 70-60  Ma, but continued in a dimi nishing scale to about 50 
Ma.  The volcanic episode t hat sourced the lowermost Wa satch Formation sediments  
was probably from the Sawatc h Range to the southeast of the Piceance basin (Tweto, 
1975) 
Depositional Interpretation of Interval 1  
 Interval 1 is interpreted as a port ion of  a large distributary fluvial system (DFS)  
sourced from the Sawatch Range.  The or iginal DFS probably extended farther to the 
east of the current day Piceanc e Basin, where the preserved western extent remains in 
the subsurface and outcrop (Figure 31).  T he thinning over Divide Creek Anticline 
suggests the antic line was  some what elevated at t he time of  depos ition but did not  
completely inhibit deposition.  On the southwestern flank of the Divide Creek Anticline, 
  
Figure 31.  Depositional interpretation of 
Interval 1 superimposed on net sandstone 
map.   Locations of  Upper and Lower 
Distributary Fan facies, the major net sand-
stone trends, representative wells, well 
lithology ties, and referred outcrop descrip-
tions are shown. 
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the high net sandstone trend (T8S R92W to T7S R94W) may indicate where an 
entrenched drainage from t he south became unconfined, losing energy, and depos iting 
the coarser grained s and.  Another possibilit y is that the trend is a portion of a western 
lobe, sourced from the east, of a larger DFS; the high net sandstone was deposited due 
decrease in gradient on the southwest flank of the Divide Creek Anticline.  The drainage 
bifurcated where the intersection point in T8 S R93W indicates a topographic low in t o 
the southwest.  On the northeas tern flank of  the Divide Creek  Anti cline, the high net 
sandstone amounts in T6-7S R92W may indicate deposition from a more easterly  
portion of the DFS.  At the outcrop, the sandstone present at  the Silt Quadrangle is not  
present at the Government Creek locality (Figure 31).   
Interval 1 has two log facies: upper DFS and lower  DFS.  The upper DF S log 
facies is defined as the area wit h net sandst one greater than 175 feet (Figure 31).  In 
the Upper DFS Log f acies, there are three l ogs that compare to the Upper DFS log 
facies log (Figure 16A, 31): the representative wireline log (Figure 26B); and Well Ties 7 
and 9 (Appendix A).  The gamma-ray values are low (45-80 API) and are interbedded 
with moderate values (90-120 AP I).  The log facies assemb lages are majority Sm, St, 
Fs, and Fmv.  
The lower DFS is defined as the area wit h less than 175 feet of net sandstone 
(Figure 31).  The representative wireline log (Figure 26B) compares with the Lower DFS 
log facies log (Figure 16B).  Both logs have moderate gamma-ray values ( 90-120 API) 
interbedded with thin low gamma-ray value (45-80 API) units.  The  log facie s 
assemblage is minor Sm, St, Fs, and Fmv.  
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Interval 2 
Unlike Interval 1, Interval 2 is c ontinuous across the entire Piceance Basin , 
except for on the nort heast side of the Div ide Creek anticline (Figures 32, 33).  To the 
southeast, it overlies I nterval 1; however, throughout most of the basin, Interval 2 is the 
basal interval of the Wasatch Formation that  directly  overlays t he unconformity at the 
top of the Mesaverde Group (Figures 34, 35).  Interval 2 cons ists of dominantly of  
continental mudrock wit h interbedded s andstone units .  The mudrock has a 
characteristically low resistivity value. 
Stratal Thickness Variations 
The overall thickness of Interval 2 varies  from less than 100 feet to greater than 
1400 feet in the subsurface (Figure 32).  The thickest strata (800 to 1200 feet) are in T4-
6S R96W; additional iso-th icks are present in T7S, R95-96W; T7S, R93W; and T9S 
R93W.  In addition, there is an east trending iso-thick (about 350 feet) in T1S R98-99W  
(Figure 32; wells 7-10 on Figure 34).  To  the southeast, pronounced thinning of the 
strata (400 feet in about 3 miles, from T6S R93W to T8 S R92W) is present on the 
western flank of the terminus of the Divide Creek anticline (Figures 32, 35).  To the 
west, Interval 2 thins (500 feet in 6 miles, from T3S R99W to T10S R95W) (Figures 32, 
35).  The regional thinning of the interval is easily recognized on the averaged resistivity 
cross section (Figure 32).   
Net Sandstone Distribution 
 Four areas are present in the subsur face where the net sandstone values  are 
markedly higher than the surr ounding areas (Figure 33).  The highest amount of net  
sandstone (200-250 feet) is in the southern basin (from T8S R92W to T6S R94W); it 
Figure 32.  Isopach Map of Interval 2.  Major 
iso-thick trends north-northwest with pronounced 
thinning from T6S R93W to T8S R923W and 
from T5S R97W to T8S R96W.  Additionally, 
iso-thicks exist in T4S R96W and T1S R98-99W.  
Locations of wells (black dots), Figures 34, 35, 
36, and 38, representative well logs (Figure 37), 
and well ties (Appendix A) are shown.
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Figure 33.  Net Sandstone Map of Interval 2.  
There are four trends: 1) northwest (T8S R92W 
to T6S R94W) west of the Divide Creek anti-
cline; 2) northwest (T8S R95W to T4S R97W); 
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ties (Appendix A) are shown.  
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Figure 34. Gamma-ray and resistivity illustrating Interval 2: ( A) structural cross section (V.E. =10.5) with Interval 2 high-
lighted and the (B) stratigraphic cross section (V.E. = 37) flattened on the top of Interval 2.  An iso-thick exists in wells 
7-10 between the Yellow Creek/Piceance Creek and Sulphur Creek Anticlines.  See Figures 32 and 33 for location of 
cross section. Well 13 is shown in greater detailed on Figure 37.
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Figure 35. Gamma-ray and resistivity cross section illustrating Interval 2:  (A)  structural cross section (V.E. = 8) with 
Interval 2 highlighted and (B)  stratigraphic cross section (V.E. = 26) flattened on the top of Interval 2.  There is 
pronounced thinning in Mamm Creek Field over Divide Creek anticline. See Figures 32 and 33 for location of cross sec-
tion.  Well 20 is shown in greater detailed on Figure 37.   
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 trends northwest and is present on the southwestern flank of the Divide Creek anticline.  
To the wes t, the second area wit h higher v alues also trends nort hwestward (from T8S  
R95W to T4S R97W ), and has cumulative sandstone thickness of  150-200 feet with 
several is olated areas of great er thickness.  The thir d area is  in the central western 
portion of the basin (from T6S R98W to T5S R97W); its trend is almost perpendicular to 
the other two (northeast), and has 150-200 feet of net sands tone.  Lastly, the norther n 
area, which has up t o 125 feet  of net sandstone, trends nor thwest (from T1S R96W to 
T2N R97W).  Also, localized areas of less than 25 feet of net s andstone are present  
along the western and southeastern margin of the basin. 
Basal Log Contact 
The basal log contact of Interval 2 vari es throughout the Piceance Basin.  Where 
Interval 1 is present (in the southeastern basi n), the basal contact of Interval 2 is at the 
top of the stratigraphically hi ghest sandstone bed that exhibits high resistivity values  
(Figure 36, 37B).  Overlying this  bed are strata with moderate the gamma-ray value s 
(90 to 100 API) and resistivity values (17 to 25 ohms).  This contact can be subtle a s 
some thin, highly res istive sandstone units are stratigraphically higher in the section 
(wells 27 and 25 on Figure 35). 
In the northern portion of t he basin, where Interval 1 is not pr esent, Interval 2 
unconformably overlies the Mesaverde Group (Figure 37A).  The unconformity was 
correlated by Leibovitz (2010) in his study of the Mesaverde Group and the strata below 
the contact is described above in Interval 1.   Immediately abov e the unconformity, the 
gamma-ray values are high (greater than 130 ohms) and the resistiv ity values are lo w 
(10-15 ohms)  in contrast to the underlying Mesaverde Group (Figure 37A).  
Figure 36.  Average resistivity cross section.  Interval 2 has low resistivity character thins the Divide Creek Anticline.  
See Figure 32 and 33 for location of cross section.
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Internal Log Characteristics 
 In general, Interval 2 consists  primarily  of mudrock with th in (10-30 feet) 
sandstone beds.  In the areas wit h high net sandstone (Figure 33), the sandstone beds  
can be 25-50 feet thick (at dept hs 3370 feet and 3580 feet , Figure 37B).  T he thicker  
sandstone units appear to be  c omposed of amalgamated th inner units ( between the 
depths of 3575 and 3600 feet, Figure 37B).  The thinner units have both a sharp top and 
base exhibiting an intermediate (about 80- 100 API) gamma-ray response ( between the 
depths of 3400 and 3450, Figure 37B).  Regardless of the thickness, Interval 2  
sandstone bodies appear to be discontinuous (Figures 34 and 35) .  To the s outh, the 
resistivity of the interval as a whole is char acteristically low (Figure 36, 37B) ; but to the 
north, the resistivity values increases in the upper portion of the interval (Figures 36 and 
37A).   
Upper Contact 
The gamma-ray or resistivity log is used to correlate Interval 2 depending on the 
location in the basin.  To the southwest, the upper contact of Interval 2 is best defined in 
T7S R96W , where the gamma-ray values  change from a moder ate (80 to 100 API) 
below the contact to extrem ely high (over 170 API) above t he contact (Figure 38: wells  
1, 4, 6).  Throughout the nor thern and central basin (Figures 34,  37A), the gamma-ray 
values above the contact are als o moderate to high ( 80 to 170 API),  but not extremely 
high (over 170 API).  In contrast, in the s outh-central and southeast basin (Figures 35, 
37B), the resistivity character is used to corre late the contact.  A gradational increase in 
resistivity values defines the upper contact (F igures 34-36, 37B).  Av eraged resistivity  
logs show change from low resistivity val ues below the contact to more moderate 
resistivity values above the contact (Figure 36). 
Figure 38.  Gamma-ray cross-section in T7S R96W.  Illustrates the high gamma-ray signature of the upper contact of 
Intervals 2 and 4; and the more sandstone rich Interval 4 is between Intervals 3 and 5.   See Figure 32, 33, 40, and 41 for 
cross section location.
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Well and Outcrop Ties  
Three wells with Amstrat cutting data and one outcrop  cross section are used to 
aid in the stratigraphic interp retation of Interval 2.  We ll T ie 1 (Appendix A) shows the 
correlation of the General Pe troleum 26-25 well (Johnson 1979a) to the Federal BCU 
well (this study).  This well  tie is located on t he north side of the basin (T1N R98W an d 
T1N R99W); and the wells are 1.5 mi / 2.4 km  apart (Figures 32, 33).  Cuttings indicat e 
the interval consists of: (1) variegat ed clay stone and shale units ; and (2) sandstone 
units, which range in thickness from 20 to more than 100 feet and contain traces of coal.  
Interval 2 correlates to the bottom half of t he Fort Union Formation, and is Paleocene in 
age in this position of the basin.   
Well Tie 4 (Appendix A) shows t he correlation of lithology data from the 1 Sulfer 
Creek Government well (Johnson, 1979b) to t he Federal Ryan Gulch well (this study).  
This well tie is located in the northern por tion of the basin (T2S R97-98W) and the wells 
are 1.2 miles/2.3 km apart (Fi gures 32, 33).  Cuttings indica te the lithologies consis t 
dominately of interbedded: (1) sandstone units r anging from about 20 to 40 feet thick; 
(2) siltstone units, sometimes calcareous, ranging from about 10 to 50 feet thick; and (3) 
medium to dark gray or green calcareous claystone or shale beds containing traces o f 
coal.  Interval 2 correlates to the lower third of the Fort Union Formation, and is 
Paleocene in age in this position of the basin (Johnson, 1979b).   
Well T ie 7 (Appendix A) shows  the corre lation of the 1 Al fill Skonberg well 
(Johnson, 1979b) to the HMC 9-13C well (this st udy).  This well tie is located in the 
southern basin (T7S R93W); and the wells  are 0.7 miles/1.1 km apar t (Figure 32, 33).  
The cuttings indic ate that Interval 2 consis ts of interbedded: (1) sandstone units, some 
being c alcareous, ranging in thickness from  about 10 to 75 feet; (2) about an equa l 
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amount of 10-30 foot siltstone units; and (3) a lesser proportion of variegated claystone 
or shale beds ranging from about 10 to 30 feet.  Interval 2 correlates to about the middle 
third of the Atwell Gulch Member and the tie indicate that Interval 2 is Paleocene in age 
in this position of the basin.   
Outcrop Tie B (Appendix A) is an outcrop cross secti on from Erhardt (2005) in 
the southwestern basin.  Er hardt (2005) compiled numerous measured sections (of her  
own and others) to construct a cross section across the s outhwestern outcrop.  The 
base of Interval 2 is  Erhardt’s  (2005) bas al Grey Alluvial Unit which s he describes as 
medium light grey mudstone with intermitt ent purple and red mudstone with isolated 
avulsion deposits.  Overlying is a Dark Grey Mudstone Unit that is medium da rk to dark 
grey mudstone with isolated yellow and grey  mudstone.  This is the lower por tion of the 
Atwell Gulch Member. 
Pertinent data from literature 
Based on the above correlations and well a ti e, Interval 2 is stratigraphically  
directly above the unconformity at the top of the Mesaver de Group in the northern and 
southwestern basin and abov e the volcaniclastic unit in the southeastern basin.  At this  
stratigraphic level, Interval 2 is equivalent  to the lower Fort Union Formation in the 
north; and the basal Atwell Gulch Member in the southwest; and the middle Atwell 
Gulch Member in the east.  The following descriptions are of those units. 
The lower Fort Union Formation crops out  along the northwest portion of the 
basin.  Johnson and Flores (2003) studied th e outcrop at the mouth of Yellow Creek a t 
Section 4 T2N R98W  (Figure 32, 33).  The lower mem ber of the Fort Union Formation, 
as defined by Hail (1973,1974) is 922 feet thick, and is composed of dark-grey and olive 
grey mudstone interbedded with few fluvial channel-fill sandstone bodies and numerous 
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thin, tabular, ripple laminated sandstone bodies.  Paleocurrent measurements indicate a 
northeasterly flow for the channe l-fill sandst ones.  Two miles to the east (Sec 2 T2N  
R98W), Hail (1990) described the lower member  of the Fort Union Formation as having 
approximately equal propor tions of light-grey to light brown fluv ial-channel sandstone 
and olive-green to gray fluvial-plain c laystone and mudstone.  In addition, Hail (1990) 
documents the lower member of the Fort Un ion Formation thinning 1600 feet from east 
to west in 13 miles and due to stratigraphic onlap on the Douglas Creek Arch during the 
Paleocene.   
This onlap is also doc umented on the west ern margin of the basin.  At Tom my’s 
Draw, Zeiler (1984) found throu gh palynological stud y that the strata that overlie the 
unconformity are of Eocene age, and thus t he lower Wasatch Formation is not present  
at this locality.   
To the southwestern, Johnson and Flor es (2003) describe the Atwell Gulch 
Member at the west end of Ba ttlement Mesa (T9S R97W).  The member is 465 feet 
thick and t he lower portion is m ostly medium gray, purple, and maroon mudstone with 
thin (less than 15 feet) interbedded channel deposits (Johnson and Flores, 2003).   
At Government Creek, along t he eastern margin, Greubel (1987) described 
Wasatch Formation strata that overlie a volc aniclastic sandstone unit (Figures 32, 33).  
The transitional contact is defined by the fi rst appearance of varicolored mudrock that is 
interbedded with sandstones.  The entire uni t he des cribed is 2570 feet / 783 m thic k 
where the top is at the fi rst appearance of multistory sandstones.  This is probably  
Intervals 2-7 of this study. 
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Depositional Interpretation of Interval 2 
 The log facies interpreted to have been deposited are the Lower Distributary 
Fluvial Sys tem (LDFS) and the adjacent Well Drained Fl oodplain (Figure 39).  The 
Lower DF S log facies delineates areas thr ee areas with greater t han 75 feet of net  
sandstone and indicat e localities of sediment input into the basin (F igure 39): (1) from 
T8S R92W to T6S R94W, narrowing from the southeast to northwest, and possibly  
extending to the north from  T2S R95W to T1N R96W;  (2) a DFS where the probable 
apex is located in T8S R97W, radiating to cover most of T6-8S R95-96W; and (3) from 
T6S R98W, which bifurcates downfan in T5S R97W then radiates across parts of T4-5S 
R96-97W.  The gamma-ray val ues of the Lower DFS log facies log (Figure 16B)  
compares to the representative wireline log (Figure 37B): both have dominant ly 
moderate gamma-ray values (90-120 API) wit h interbedded usually sharp based, 5-2 5 
foot thick, low gamma-ray value (45-80 API ).  The Lower DF S log facies log (Figur e 
16B), which is Interval 2 of Well Tie 7 (A ppendix A), is  described as having dominantly  
variegated mudrock and siltst one interbedded with few sandstone beds.  At the 
southwestern outcrop (Outcrop Tie B and the west end of Battlement Mesa on Figure 
  
Figure 39.  Depositional interpretation of Interval 
2 superimposed on net sandstone map.   Loca-
tions of Lower Distributary Fluvial System (DFS) 
facies, Well Drained Floodplain facies, the major 
net sandstone trends, representative wells, well 
lithology ties, and referred outcrop descriptions 
are shown. 
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 39), the descriptions are si milar; mostly  light to medium grey, purple, and red 
mudstones with thin channel deposits.    
Outside of the boundaries of the Lower DFS log facies, a Well Dra ined 
Floodplain log facies was recognized as ha ving less than 75 feet of net sandstone in 
Interval 2 (Figure 39).  The Well Drained Fl oodplain log facies is also distinguished b y 
the gamma-ray log, lithology logs, and outcrop des criptions (s ee Figure 39).   Th e 
gamma-ray values of the Well Dr ained Floodplain log facies log (Figure 16D) compares 
to Interval 2 of Well Ties 1 and 4 (Appen dix A) and t he representative wireline lo g 
(Figure 37B): all hav e mostly have moderat e to high gamma-ray values (90-170 API)  
with interbedded low gamma-ray (30-80 API) units.  The corresponding lithology is lig ht 
to medium gray mudrock interbedded with sandstone and siltstone, except that Well Tie 
1 has variegated mudrock and a greater amount of inter bedded sandstone.  At the 
eastern Government Creek outcrop (Figure 39), the lithology is described as variegated 
mudrock with interbedded sandstones; in cont rast, at the northern Yellow Creek  
outcrop, the lithologies are dar k-gray to ol ive grey mudr ock interbedded with fluvial  
sandstone bodies.  T he differences in mudr ock colors and the pr esence of coal in bot h 
the well ties and outcrop lithologies are probably due to changes  in  local topograph y 
and/or fluctuations in the level of the groundwater table. 
The log facies interpretation of Interval 2 is dependent upon the structural setting.  
Structurally, the Douglas Creek Arch, the Divide Creek Anticline and possibly  the White 
River Uplift were positive features during the deposition of Interval 2.  The interval is not 
present at the northwestern or  western outcrop nor on the eastern flank of the Divide 
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Creek anticline and the net s andstone trend is  north-south im plying that an axial bas in 
may have been formed confining deposition between the structurally high features.      
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Interval 3 
Interval 3 dominantly  consists primarily  of mudrock with interbedded sandst one 
units.  The thicknes s and net  sandstone dist ribution varies sign ificantly from the 
northwest to the sout heast of the basin.  T o the west, Interval 3 is significantly thicker 
with greater sandstone content; in contrast to the east, Interval 3 is thinner and with less 
sandstone content (Figures 40, 41). The regiona l stratigraphic relationships of Interval 3 
are best illustrated when the top of Interval 4 is used as a datum.   
Stratal Thickness Variations 
The thickness of Interval 3 varies between 0 and 500 feet (Figure 40).  The strata 
are thicker  to the northwest where a north- northeast trending iso-thick is pr esent from 
T5S R98W  to T2S R96W (Fig ures 40, 42-44) in which two areas have thickness es 
greater than 400 feet: T5S R98W and T2S R96- 97W.  Two areas have thinner strata 
with less than 150 feet: T1-2N R96-97W and throughout most of the southeastern basin 
(T6-9S R91-97W) (Figure 40).  
Net Sandstone Distribution 
 The greatest amount of net sandstone is in three areas to the central-western 
and northern portion of the basin (Figure 41):  (1) T5S R97-98W with 30-50 feet (wells 2 
and 3 on Figure 42);  (2) T3S R97-98W with 30-40 feet (wells 4 and 5 on Figure 43;  
wells 4-6 on Figure 44); and T 1-2S R96- 97W with 30-35 feet (well 1 on Figure 43).  
There are also small, isolated ar eas of high net sandstone in Ma mm Creek Field of the 
southeastern basin (T 6-7S, R92- 93W on Figure 41).  Notably, v ery little sandstone is  
present in the southern portion of the basin, including th e Grand Valley, Parachute and 
Rulison Fields in the s outh-central basin (T6-7S R94-96W, Figure 41), nor in the White 
River Dome Field situated in the northern basin (T1-2N R96-97W, Figure 41).   
Figure 40.  Isopach map of Interval 3. The northern 
strata is thicker than the southern, where a major 
iso-thick trends north-northeast from T5S R98W to 
T2S R96W. Locations of wells (black dots), Figures 
38, 42-44, representative well logs (Figure 45), and 
well ties (Appendix A) are shown.
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Figure 41.  Net Sandstone Map of Interval 3.  The 
southern basin is generally void of sandstone whereas 
the northern strata contains sandstone thickness 
between 20-45 feet in a north-northeast trend.  Loca-
tions of wells (black dots), Figures 38, 42-44, repre-
sentative well logs (Figure 45), and well ties (Appendix 
A) are shown.
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Figure 42.  Gamma-ray and resistivity stratigraphic cross section illustrating Intervals 2-4.  This cross section indicates 
the thickness differences between the south and the north basin.  In the south, wells 8-12 have a thin Interval 3 that is 
distinquished by a high gamma ray signature and Interval 2 is thicker, distinquished by moderate resistivity values.  To 
the north, Interval 3 thickens, the gamma-ray signature is less distinquishable and sandstone content increases; 
whereas, Interval 2 thins and the resistivity values decrease.  It is possible that the upper portion of Interval 2 in the 
southeast laterally interfingers with Interval 3 in the northwest of the cross section.  The location of the cross section is 
shown on Figures 40 and 41.  Interval 3 of well 12 (boxed area) is  shown in greater detail in Figure 45B.      
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Figure 43.  Gamma-ray and resistivity cross section illustrating Interval 3.  Location of cross-sections located in Figures 
40 and 41.
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Figure 44.  Gamma-ray and resistivity stratigraphic cross section illustrating Intervals 3 and 4.  In Interval 3, wells 4-6 
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ous. See Figures 40 and 41 for location of cross section. Interval 3 of Well 4 (boxed area) is detailed on Figure 45A.        
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Basal Log Contact 
The basal log contact of Interval 3 varies somewhat throughout the Piceanc e 
Basin; both the gamma-ray and the resistivit y logs are used to def ine and cor relate the 
contact.  To the southwest, in T7S R96W , the gamma-ray log values change from  
moderate values (80 to 100 API) underlying the contact to extremely high values 
 (greater than 170 API ) overlying the contact (Figure 38: wells 1, 4, 6; Figure 45B).  To 
the north, the gamma-ray decreas e to moderate values of 80 to 170 API overlying th e 
contact (Figure 42-44, 45A).  T o the sout h, the gamma-ray logs do not distinguis h 
Interval 2 from Interval 3, but there is a notable change in resistivity values.  Specifically, 
the averaged resistivity values change from low values to moderate values (Figure 36).   
Internal Log Characteristics 
 The internal log characteristics of Inte rval 3 v ary throughout the basin.   In 
general, the northern wells consist primarily of mudrock with interbedded thin (10-30 
feet) sandstone beds (Figures 42-44, 45A).  The sandstone beds have three vertical 
trends on t he gamma-ray log: (1) high gam ma-ray values that decrease upward, then 
exhibit a sharp top (coar sening upward) (about 5300 and 5550 foot depth on Figure 
45A); (2) a blocky  s ignature (about 5480 f oot depth on F igure 45A); and (3) thinly  
bedded (about 5520 foot depth on Figure 45A).  The sandstone beds to the north do not 
appear to be laterally continuous (Figures 42-44).  The internal log character changes to 
the south (Figure 42).  In general, the southe rn wells c onsist primarily of mudrock with 
very few s andstone beds; the gamma-ray val ues of the mudroc k have increased with 
some beds exhibiting greater than 170 API (Figures 42, 45B).   
  
Figure 45.  Two representative wireline logs (gamma-ray and resistivity) for Interval 3: (A) 
Well 4 on Figure 43, 44  (B) Well 12 on Figure 42 and Well 4 on Figure 38.  Arrows and line on 
(A) indicate vertical gamma-ray trends. 
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Upper Contact 
The contact between Interval 3 and Interval  4 is gradational to the north, but  
distinct to the south.  To the north, the c ontact separates Interval 3 strata with a lower 
net:gross ratio from Interval 4 strata with a higher net:gross ratio (Figures 42-44, 45A).  
To the south, the contact is placed at the base of overlying low gamma-ray values  
(Figures 38, 42, 45B). 
Well and Outcrop Ties  
Amstrat cutting data from two wells and two measured outcrop sections are used 
to tie the lithology, environment s of deposition, and nomenclature to the correlations for  
Interval 3.  Well Tie 1 (Appendix A) corre lates the General Petroleum 26-25 (Johnson 
1979a) to the Federal BCU (thi s study).  These wells are located T1N R98W  and T1 N 
R99W, are 1.5 miles / 2.4 km apart (Figur es 40, 41), and are in an area of greater 
thickness and higher  net sandstone.  Cuttings indicate that Interval 3 consists of 
variegated claystone and s hale units that are interbedded with 10 to 30 foot thick  
calcareous sandstone units.  This lithology  is defined by Johns on (1979a)  to be the 
middle of the Fort Union Formation and the tie i ndicates that Interval 3 is Paleocene in 
age.   
Well T ie 4 (Appendix A) s hows the c orrelation from the 1 Sulfur Creek 
Government (Johnson, 1979b) to the Federal Ry an Gulch (this study).  This well tie is  
located T2S R97-98W, in t he northern portion of the basin , and the two wells are 1.2 
miles / 2.3 km apart (Figure 40,  41).  The cuttings consist dominately of interbedded: 1)  
medium to dark gray or green claystone or shale beds containing traces of shale with 
the lower beds being calcareous, and 2) sandstone and siltstone units ranging i n 
thickness f rom about 10 to 30 feet.  Interval  3 correlates to approximately t he middle 
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third of the Fort Union Formation and the tie in dicates that this strata is Paleocene in 
age in this position of the basin.   
Outcrop Tie A (Appendix A) relates the lithology data from the Federal BCU 34-8-
198 located in Sec 8 T1N R98W  to the northern outcrop meas ured section in Section  4 
T2N R98W by Hail (1990).  The well is appr oximately 8.5 miles / 13.7 km from the 
outcrop (Figure 40, 41).  The outcrop lithology consis ts of massive, medium grained 
basal s andstone beds  at the bas e of the interv al overlain by  interbedded with mostly  
olive green to gray mudrock.  Interval 3 correlates to the middle of the Lower Member of 
the Fort Union Formation and the tie indic ates that Interval 3 is probably mid Paleocene 
in age in this position of the basin.   
Erhardt (2005) described the Wasatch Formation along  the southwestern margin 
of the basin (Outcrop Tie B,  Appendix A; Figures 40, 41).  Erhardt’s Red Bed Unit is  
present on the west side of the outcr op (T8S R99-100W) and changes laterally , 
interfingering with a dark grey mudstone to the east.  The unit consists of red mudstone; 
and fine grained, lenticular, thin, and di scontinuous sandstone beds  that increas e 
vertically; and occasional grey, yellow, and purple mudstones.  Erhardt (2005) interprets 
this unit as well drained floodplain deposits with interbedded crevasse splay deposits.  
Pertinent data from literature 
The outcrop descriptions from Hail ( 1990), Johnson and Flore s (2003), and 
Greubel (1987) of the lower Fort Union in the northern and eastern basin are cited in the 
Interval 2 section of this report. 
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Depositional Interpretation of Interval 3 
The log facies interpreted to have been deposited between the structures are the 
Lower Dist ributary Fluvial System (DFS), the Well Dr ained F loodplain log facies, and 
the Poorly Drained Floodpl ain log facies (Figure 46).  Three areas are delineated as  
Lower DFS log facies  with greater than 20 feet of net s andstone (Figure 46): (1) T5-6S 
R98-99W to T3S R97W, narrowing from t he southwest to northeast, and possibly  
changing directions and extending to the nor th from T1-2S R97W to T2S R96W; (2) 
T1S-T1N R98-99W; and (3) T7S R91W, bifu rcating downfan in T6S R92W and then 
radiating across parts of T6S R92-93W.  Comparing the gamma-ray values of the Lower 
DFS log facies log (Figure 16B ) to the representative wirelin e log (Figure 45A) indicat e 
they both have dominantly m oderate gamma-ray values (90-120 API) with interbedded  
usually sharp based,  5-25 foot  thick, low gamma-ray  valu e (45-80 API).  The Lo wer 
DFS log facies log (Figure 16B ) has the log facies ass emblage of Sm, St, Fs, and Fmv .  
At the southwestern outcrop (Outcrop Tie B location shown on Figure 4 0, 41, 46),  
Erhardt’s Red Bed Unit (re d mudstone and fine grained, lenticular, thin, and 
discontinuous sandstone beds) is present on the wes t side  of the outcrop ( T8S R99-
100W)  which aligns  with a Lower DFS l og facies.  At the Yellow Creek outcrop 
(Outcrop Tie A) massive, medium grained  basal sandstone beds  are interbedded with  
mostly oliv e green to gray mudrock and c ould be an Upper DF S associat ed with the 
Lower DFS at sediment input 2.  
Outside of  the Lower  DFS log f acies, two other log facies were interpreted: a 
Well Drained Floodplain log facies having between 5 and 20 feet of net sandstone; and 
a Poorly Drained Floodplain that has less than 5 feet of net sandstone (Figure 46).   
Figure 46.  Depositional interpretation of Interval 
3 superimposed on net sandstone map.   Loca-
tions of Lower Distributary Fluvial System (DFS) 
facies, Well - Poorly Drained Floodplain facies, 
the major net sandstone trends, representative 
wells, well lithology ties, and referred outcrop 
descriptions are shown. 
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Comparison of gamma-ray values of the Well Drained Floodplain log facies log (Figure 
16D) to Interval 3 of Well T ie 4 (Appendix A) indicates bot h have mostly have moderate 
to high gamma-ray values (90-170 API) with interbedded low gamma-ray (30-80 API)  
units.  The log facies assemblage inc ludes St, Fs, and Fmg.  The gamma-ray values  of 
the Poorly Drained Floodplain log facies log (Figure 16C) compares to Interval 3 of Well 
Tie 10 (Appendix A) and the re presentative wirelin e log (Figure 45B):  all have high 
gamma-ray values (120-170 API).  Well Tie 10 indic ates a variegated mudrock color  
which is probably due to local variations in topography as the mudrock color indicated in 
Outcrop Tie B is dark gray.  
The log facies interpretation of Interval 3 is dependent upon the structural setting. 
Structurally, the Douglas Creek Arch, the Divide Creek Anticline and possibly  the White 
River Uplift were still positive features during the deposition of  Interval 3.  T he Douglas 
Creek Arch possibly re-activated to supply sediment in the central basin (sediment input 
1 and 2 on Figure 46)  whereas the sediment supply from the southern uplift s began to 
wane. 
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INTERVAL 4 
Interval 4 is sandstone-rich with inter bedded mudrock units.  T he thickness and 
net sandstone distribution indicate thicker and more sandstone prone areas in the north 
and southeastern basin, whereas the strata in  the central basin are relatively thin 
(Figures 47-50).  The regional stratigraphic relationships of Interval 4 are best illustrated 
when the top of Interval 4 is used as a datum. 
Stratal Thickness Variations 
The thickness of Interval 4 varies betwe en 0 an d greater than 550 feet (Figur e 
47).  Iso-th icks are pr esent in three areas.  To the north, an iso-thick (350-500 feet)  
trends approximately easterly from T2S R 96W to T2S-99W (Figure 47; wells 4-22 
Figure 49).   To the s outheast, on southwestern  flank of the Div ide Creek Anticline, a 
north-northwest trending iso-thick is present from T9S R92-93W to T6S R94W with 
thicknesses ranging between 350 and 550 feet (Figur e 47; Wells 15-22 on Figure 5 0). 
On the nor theast flank of the Divide Creek  Anticline, an is o-thick (350-550 feet) that 
trends north-northwest is present from T7S R90W to T6S to R92-93W (Figure 47, Wells  
29-33 on F igure 50).  A minor iso-thick (200 to  350 feet) is present from T7S R97W to 
T5S R96W (Figure 47).  Note that Interval 4 thins in Grand Valley and Parachute Fie lds 
(Figures 47, 50) and across the Divide Creek Anticline (Figure 47, 51). 
Interval 4 has four areas of major iso-thin s.  The interval thins  appreciably in the 
northern part of the basin (T 1-2N R96-98W), to the west  (T5-7S R98-99W), south-
central (the area bounded by T10S R94W, T8S R97W, and T6S R95W), and across the 
Divide Creek Anticline. 
  
Figure 47.  Isopach map of Interval 4.  
Locations of wells (black dots), Figures 
49-51 and 53, representative well logs 
(Figure 52), and well ties 4, 6, 7 and 10 and 
Outcrop Ties B (Appendix A) are shown.
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Figure 48.   Net Sandstone Map of Interval 4.  
Locations of wells (black dots), Figures 49-51 and 
53, representative well logs (Figure 52), and well 
ties 4, 6, 7 and 10 and Outcrop Ties B (Appendix 
A) are shown.
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Figure 49. Gamma-ray and resistivity cross section illustrating Interval 4:   ( A) structural cross section (V.E. = 10) with Interval 4 
highlighted, and (B) stratigraphic cross section (V.E. = 88) flattened on the top of Interval 4.  The interval thickens to the north where 
the sandstone beds become more amalgamated at the top of the interval.  See Figures 47 and 48 for cross section location.  Well 11 is 
shown in greater detail in Figure 52A. 
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Figure 50.  Gamma-ray and resistivity cross section illustrating Interval 4:   ( A) structural cross section (V.E. = 7.5) with Interval 4 
highlighted, and (B) stratigraphic cross section (V.E. = 66) flattened on the top of Interval 4.   See Figures 47 and 48 for location of 
cross section.  Wells 16 and 34 are shown in greater detail in Figures 52B and 52C, respectively.
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Figure 51.  Cross sections showing: (A) Averaged resistivity log display highlights increased resistivity values on the 
northeast flank (right) of Divide Creek Anticline, and (B) Averaged Gamma-ray log display does not indicate a distinct 
change of gamma-ray values across the Divide Creek Anticline.  The stratigraphic cross sections are flattened on the top 
of Interval 4.  See Figures 47 and 48 for location of the cross section.
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Net Sandstone Distribution 
 Four areas  in the subsurface have net  sandstone va lues markedly higher  than 
the surrounding areas (Figure 48).  To the north, two hi gh net sandstone trends east-
west: (1) from T1S R99W to T1S R95W containing betwee n 65-100 feet of net 
sandstone; and (2) from T3-4S R99W to T3 -4S R96W containing 65-95 f eet of net  
sandstone (Figures 48, 50).  To the central western portion of the basin (T6S R98W) a  
larger amount (80-90 feet) of  net sandstone is present (F igure 48; Wells 1 and 2 on 
Figure 50).  Finally, larger amounts of net sandstone (65-95 feet) are present to the 
southeastern portion of the basin on the nort heastern flank of D ivide Creek Anticline 
(from T7S R91W to T 6S R93W) (Figure 50, wells 34 and 35 on Fi gure 50).  Another 
area with slightly larger val ues (40-70 feet) trends northwe st from T9S R92W to T8S 
R93W.  Two areas have signific antly less am ounts of net sandstone (Figure 48).  T he 
interval decreases appreciably  in the am ount of net sandstone appreciably to the 
northern-most part of the basin (T1-2N  R96-98W), and acro ss the Div ide Creek 
Anticline.  Note that in the south-cent ral basin (the area bounded by T10S R94W, T8S 
R97W, and T6S R95W), the strata is thin and the well logs indicate the strata is not 
sandstone poor (Figure 38). 
Basal Log Contact 
The basal log contact of Interval 4 varies  throughout in the Piceance Basin.  In 
both the southwest and north, the contact s eparates a high gamma-ray values in the 
underlying strata from overlying low gamma -ray sandstone beds of variable thickness  
(Figure 38; Figure 45B; Wells 1- 3 Figure 49; Figure 52A).  The s trata with low gamma-
ray value beds are usually associated with higher resistivity values (Figures 49; Wells 1-
8 on Figure 50; Figure 52A).  To the north, the contact separates lower net:gross strata  
Figure 52.   Three representative wireline logs (gamma-ray and resistivity) illustrating Interval 
4: (A) Well 11 on Figure 49; (B) Well 16 on Figure 50; and (C) Well 34 on Figure 50.  Inter-
preted gamma-ray trends are shown for (A).
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from higher net:gross strata (Figure 49).  To the east, in Parachute, Rulison, and Mamm 
Creek Fields, the strata with low gamma-ra y values  overlying the contact are not 
present, so the bas al contact is defined by  a divis ion of strata  with  gen erally lowe r 
resistivity values below the contact from higher resistivity values above the contact 
(Wells 9-35 on Figur e 50; Figures 52B, 52C).  This relationship is more striking on the 
eastern flank of Div ide Creek Anticline ( Figure 51)  in which the average resistivit y 
values are much higher (approximately 30- 44 ohms) in Interval 4, whereas t he average 
gamma-ray values are difficult to distinguish from those in Interval 3 (Figure 51).  
Internal Log Characteristics 
  Interval 4 has variable log expression th roughout the basin.  In some portion of 
the basin, the gamma-ray log is the diagnosti c curve; whereas in other areas, the 
resistivity curve is important to  define regional charact eristics.   T o the north, Interval 4 
has greater sandstone content.  The norther n sandstone units exhibit a variety of 
gamma-ray log patterns (Figure 49).  The ve rtical trends of the gamma-ray logs  ar e 
either sharp based and topped (4600 foot depth, Figure 52A ); coarsen upward with a 
sharp top (4500 and 4850 foot depth, Figure 52A); or have coarsening u pward then 
changing to fining upward patterns (4450, 4640, and 4900 foot depth, Figure 52A).  The 
sandstones at the base are usually thin (10-30 feet) but becom e more amalgamated 
(30-60 feet) at the top of t he interval.  Some of these sandstone units exhibit high 
resistivity values (Figures 49, 52A).  
 To the southwest, the sandstone beds are usually thin (10-20 feet) and are 
interbedded with high gamma-ray value mudro ck units as in T7S R96W (Figure 38).   
Some of the sandstone beds  exhibit high resi stivity values, espec ially in Grand Valle y 
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Field (wells 4-8 on F igure 50; Figure 53).  In Parachute and Rulis on Fields, the vertical 
trends of the gamma- ray logs are similar to  the northern basin, but the interval as a 
whole is has less sandstone, and there is only a moderate incr ease in resistivity values 
in some units (Figures 48, 50, 52B, 53).  Because Interval 3 is ver y thin or possibly not 
present in Parachute and Rulison Fields (Figure 53), the increase in resistivity values of 
Interval 4 distinguishes it from Interval 2.  To the southeast, in eastern Mamm Creek 
field, resistivity values increase for the sandstones (Wells 34-35 Figure 50; Figures 51,  
52C, 53).  On the northeastern flank of the Divide Creek Anticline, Interval 2 and 3 onlap  
and/or are thin so that Interval 4 is nearly overlying Interval 1 (Figure 53). 
Upper Contact 
The upper contact of Interval 4 also va ries across the Piceance Basin.  T o the 
southwest and north, the upper contact separ ates a low gamma -ray values sandstone 
zone from an overlying high gamma-ray values  mudrock (Figures 38, 49, 52A).  In 
Parachute, Rulison and western Mamm Creek  Fields, however, the upper contact is  
much more subtle and is correlated to be at the top of the higher net sandstone unit with 
a decreas e in resistivity values  (wells 9- 32 on Figure 50; Figures 52B, 53).  On the 
northeastern flank of the Divide Creek Anti cline in eastern Mamm Creek Field, the 
increase in resistivity values overlying the upper contact is mo re apparent  (from 20 
ohms, shaded green to about 30 ohms, shaded yellow, on Figure 53). 
Well and Outcrop Ties  
Amstrat cutting data for two wells in the north and southeast, and data f rom 
outcrops to the north and southwest outcrops are used to tie lithology to this study.  Well 
Tie 4 (Appendix A) shows the correlation between the Sulfer  Cr eek Government well 
(Johnson, 1979b) to the Federal Ryan Gulch well log (this study).  These wells are  
Figure 53.  Averaged resistivity stratigraphic cross section illustrating Interval 4: (A) Un-interpreted; and (B) 
Interpreted.  Note the high resistivity character of Interval 4 in Grand Valley Field and in eastern Mamm Creek 
Field. Cross section is flattened on the base of Interval 7.  See Figures 47 and 48 for location of cross section.
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located T2S R97-98W, are 1.2 mi /1.9 km apart, and are in a locality of greater  
thickness and higher  net sands tone of Interval  4 (Figures 47, 48).  Cuttings indicat e 
Interval 4 consists of calcareous siltstones 20-80 feet thick, sandstones 10-40 feet thick, 
and medium to dark gray or green clayst one or shale with traces of coal.  Notably,  
Johnson ( 1979b) indicates this  interval has a higher generalized resistivity curve.  
Johnson (1979b) defined this  unit  as the upper portion of the Fort Union Formation is  
Paleocene in age.   
Well Tie 10 (Appendix A) relates the lit hology data from the 1 Kennon (Johnson,  
1979b) to the Knox Federal log (this study). These wells are located in the southwestern 
portion of the basin (in T8S R96W) and are 0.7 mi  / 1.1 km (Figures 47, 48).  Interval 4 
is relatively thin in the  area of th ese wells.  Cuttings indicate that Interval 4 consists of 
interbedded: (1) sandstone and siltstone units r anging in thickness from about 10 to 30 
feet, and (2) medium to dark gray or green cla ystone or shale beds containing traces of  
shale with the lower beds cons isting of a thin (20 feet) calcareous sandstone unit.  This 
lithology, as defined by Johnson (1979b), is a thin  portion in the middle to upper portion 
of the Atwell Gulch Member, and is upper Paleocene.   
Outcrop Tie A correlates the northern outcrop measured section by Hail (1990) at 
Yellow Creek and Crooked Wash to the Federal BCU 34-8-198 well of this study (Figure 
47, 48; Appendix A).  The well is located in Sec  8 T1N R 98W and is  approximately 8.5 
mi/13.7 km from the outcrop.  Hail (1990) describes the corre lated strata as massive to 
cross-bedded, fine to medium grained, calc areous non-persistent channel sandstone  
interbedded with olive green to gray claystone and mudstone.  This lithology is define d 
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by Hail (1990) as the Lower Member of t he Fort Union For mation, and is mid-late 
Paleocene. 
Outcrop Tie B is  an outcrop cross section from Erhar dt (2005) in  the 
southwestern basin ( Figure 47,  48; Appendix A).  Interval 4 correlates to the upper, 
more sandstone rich portion of the Red Be d Unit which Erhardt (2005) described as  
carbonate bearing red mudst one with thin and highly discontinuous crev asse splay  
deposits.  Notably, this unit pinc hes out to  the east and is only located on the wester n 
part of the outcrop cross section.   This is the upper portion of the Atwell Gulch Member. 
Pertinent data from literature 
The Silt quadrangle (Figur e 3, 54), mapped by Shr oba and Scott (2001), is 
located in the southeastern outcrop (T5-6S R91-92W).  At  this loca lity, the Molin a 
Member directly overlies the volcaniclastic -rich unit of the Wasatch Formation (Figur e 
54). In this study, Interval 4 directly ov erlies the high resistivity values  sandstone 
described as Interval 1 (Figure 53), and therefore is correlated to this unit.  The lithology 
of the Molina Member consists of: (1) 20%  medium  grained s andstone beds that ar e 
strongly cemented with calciu m carbonate, commonly contai ns claystone rip-up clasts, 
and are c ross-bedded, cut by channels, and conglomeratic at the base; and, (2) 
multicolored fine grained clayst one, muds tone, and siltstone.  Johnson and Flore s 
(2003) indicate the Molina Member is belo w the upper Paleocene at  this locality.  
Importantly, the Molina Member to the southeast is older than the Molina Member to the 
southwest (approximately 30 miles in distance). 
An important factor affecting Interval 4 strata interpretation is the uplift of the 
Douglas Creek Arch.  Johnson (1 985) states that this uplift may have begun to rise in 
during the Late Cret aceous as  evidenced by  the westward thinning of  the Upp er 
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Cretaceous Mesaverde Group.  Johnson (1985) als o indi cates that the Mesaverde 
Group was exposed on the Douglas Creek Arch during the latest Paleocene.   
Depositional Interpretation of Interval 4 
The log facies depos ited are the Upper Di stributary Fluvial Sy stem (DFS), the 
Lower Dist ributary Fluvial System (DFS), and the Well Drained Floodp lain log facies  
(Figure 54).  Four Upper DFS log facies ar eas are interpreted: the boundaries delineate 
areas with greater than 70 feet of net sandstone and indicate localities of sediment input 
into the basin (Figure 54): (1) from T1S R 98W to T1S R96W; (2) from T3-4S R99W t o 
T3-4S R96W; (3) T6-7S R98W, then bifurcat ing in T 5S R97W and radiating to cover  
parts of T5S R96-98W; and (4) T6S R92- 93W and T6-7S R91W (on the edge of the 
study area).  A comparison of gamma-ray logs of the Up per DF S log facies type log 
(Figure16A) to Well Tie 6 (Appendix A) indicate both have sandstones with low gamma-
ray values (45-80 API) that are usually shar p based.  These san dstones are 20-50 feet 
thick and are interbedded with mudrock that  have moderate gamma-ray values (90-120 
API).  The log facies assemblage includes a majority of Sm, St, Fs, and Fmv.  At the 
southwestern outcrop (Outcrop Tie B on Figure 54), Interval 4 correlates to the more 
sandstone rich portion of t he Erhardt’s (2005) Red Bed Un it; and at the southeastern 
outcrop (Silt Quadrangle Outrcr op on Figure 54), Interval 4 correlates to t he “Molin a 
Member” (defined by Donnell, 1969) which is medium gr ained sandstones interbedded 
in mudrock. 
Outside of the boundaries of  the Upper DFS log facies, the Lower DFS follows 
the same trend as the Upper DFS and is def ined as having between 5 0 and 70 feet of  
net sandstone (Figure 54).  A comparision of the gamma-ray logs of the Lower DFS  
Figure 54.  Depositional interpretation of 
Interval 4 superimposed on net sandstone map.   
Locations of Lower Distributary Fluvial System 
(DFS) facies, Well - Poorly Drained Floodplain 
facies, the major net sandstone trends, repre-
sentative wells, well lithology ties, and referred 
outcrop descriptions are shown. 
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facies type log (Figure 16B) to Interval  4 of Well Tie 4 (Appendix A) and the 
representative wireline logs (Figure 52A, 52C) indicates all have mostly sandstones with 
moderate gamma-ray values  (90-120 API) , that are sometimes shar p based,  
interbedded mudrock with low gamma-ray values (45-80 API) units.  The log facies  
assemblage of the Lower DFS includes minor Sm, St, Fs, and Fmv.   
The Well Drained Floodplain,  outside of t he boundaries  of the Lower DFS, has  
between 20 and 50 f eet of net sandstone.  A comparison of the gamma-ray values of  
the Well Dr ained Floodplain Unit log (Figur e 16D) to In terval 4 of Well Tie 7  (Appendix 
A) indicate both have mostly  mudrock with moderate to high gamma-ray values (90-170 
API)  inter bedded with sandstones with low gamma-ray values (45-80 API) units.  The 
log facies assemblage of the Well Drained  Floodplain includes minor St, Fs, Fmg, and 
Fmv. 
The area delineated by less than 10 feet of sandstone (T6-10S R94-96W) is also 
thin and the wireline logs indicate it is relatively sandstone rich (Wells 2-5,Figure 38); 
therefore this is probably an area of low-deposition in Interval 4 and could be intra DFS.   
Structurally, the Douglas Creek Arch, the Divide Creek Anticline and possibly the 
White River Uplift were positive features during the deposition of Interval 4. The 
Douglas Creek Arch possibly re-activated to expose the upper part of the Mesaverde 
Formation to allow progradation of the sediment in the central basin (sediment input 1, 
2, and 3 on Figure 54).  
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INTERVAL 5 
Interval 5 is primarily a mudrock interval with little s andstone. The strata are 
present throughout the basin, and are thin in the south and th icker to the north (Figure 
55) with some interbedded s andstone units in the sout heast and northern basin (F igure 
56).    
Stratal Thickness Variations 
The thickness of Interval 5 v aries fr om 40 feet to 340 feet (Figure 55).   
Throughout most of the bas in, Interval 5 is less than 120 feet  thick. Three iso-thic k 
areas are present (Figure 55). To the north, 160 feet to great er than 360 feet, from T2S 
R96W to T1S R99W trends northwest (Figures 55, 57, 58).  A secon d iso-thick  is 
present in the southeastern  basin (160 feet to grea ter than 400 feet)  and trends 
northwest from T7S R92W to T6S R93W (F igure 55; Mamm Creek Field, Figure 59).  A 
third minor iso-thick is in the centr al basin (80 to 280 fe et) from trending northeast T8S 
R97W to T6S R96W (Figure 55; Parachute Field, Figure 59). 
Net Sandston Distribution 
The amount of sandstone in Interval 5 is  low in comparison to the other intervals in the 
Wasatch Formation.  The interval is dominan tly mudrock with net sandstone values of 
less than 10 feet.  Two areas have larger net  sandstone values: to the southeast from 
T8S R91-92W to T6S R93W wit h maximum s andstone values of 60 feet; and in the 
northeast from T2S R96W to T1S R99S with maximum sand stone values of 20  f eet 
(Figure 56).   
Basal Log Contact 
The expression of the basal log contac t of Interval 5 varies throughout the 
Piceance Basin.  To the north, the basal contact separates a low gamma-ray values  
Figure 55.  Isopach Map of Interval 5 .     
Locations of a well (black dots), Figures 
57-59, representative well logs (Figure 60), 
and well ties 4, 6, 8 and 10 and Outcrop 
Ties B (Appendix A) are shown.
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Figure 56.   Net sandstone map of Interval 5.  
Locations of a well (black dots), Figures 
57-59, representative well logs (Figure 60), 
and well ties 4, 6, 8 and 10 and Outcrop Ties 
B (Appendix A) are shown.
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Figure 57. Gamma-ray and resistivity cross section illustrating Interval 5:   ( A) structural cross section with Interval 5 highlighted, 
and  (B) stratigraphic cross section flattened on the top of Interval 6.    The thickness and net sandstone content increases to the east.  
See Figures 55 and 56 for cross section location. Well 7 is shown in greater detail in Figure 60. 
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sandstone zone with higher resist ivity values underlying the co ntact (Interval 4) from a 
high gamma-ray values mudrock overlying the contact (Figures 57, 58, 60).  To the 
southwest (T7S R96W), the strata over lying the contact have very high gamma-ray 
values similar to Interval 3, and are in cont rast to the sandstones underlying the contact 
(Figure 35).  To the east, however, the basal cont act is more difficult to define where it  
separates moderate resistivity values below the c ontact to low resistivity v alues above 
the contact at Parachute Field ( Figure 59) or  moderate to high resistivity v alues below 
the contact to moderate above the contact at Mamm Creek Field (Figure 59).  The 
gamma-ray values in the eastern basin do not distinguish the contact.     
Internal Log Characteristics 
  The internal log character of Interval 5 is similar regionally, consisting of high 
gamma-ray values with low resistivity values (Figure 60).  Where the interval thickens to 
the north, there are some in terbedded sandstone units, eac h is approximately 10- 20 
feet thick, but are sometimes being amalga mated (Figures 58, 60).  Thes e sandstone 
units are usually sharp based and t opped on the gamma-ray logs, and exhib it 
moderately higher resistivity values (depth 5500 feet, Figure 60).  To the east, the strata 
are similar to the northern bas is but thinner.  To the s outheastern- most basin, the 
thicker portion of the interval shows an increas e to moderate resistivity values (Figure 
59). 
Upper Contact 
 The upper contact of Interval 5 is eas ily defined because the underlying str ata 
exhibits high gamma-ray values associat ed with lo w resistivit y values;  whereas 
overlying t he contact, a sandstone unit wit h low gam ma-ray and moderate resistivity 
values is present (Figure 60).  The overlying sandstone unit is thickest in the northern 
Figure 60.  A representative wireline log (gamma-ray and resistivity) for Interval 5 in Ryan 
Gulch Field:  Well 7 on Figure 57 and Well 5 on Figure 58.  
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basin (Figure 57; Wells 2-7 F igure 58), thin ning in the southern basin (Wells 12-15,  
Figure 58).  To the sout h, the contact is def ined by the resistivity log where t he contact 
separates underlying lower resis tivity values fr om the overlying higher resistivity values  
(Figure 59).  
Well and Outcrop Ties  
Four wells with Amstrat cutting data are us ed to tie the lithology, environments of  
deposition, nomenclature, and age des ignation to the correlations of this study.  In the 
center of the bas in, Well T ie 4 (Appendix A) shows  the correlation between 1-12-1 3 
Pacific (Johnson, 1979b) to the Federal TR W 13-12-598 well log (this study). Thes e 
wells are located T5S R98W, are 1.2 mi / 1.9 km apart, and are in a locality wher e 
Interval 5 is thin and has lower  net sandstone (Figures 55, 56).  Cuttings indicate 
medium to dark gray or gr een claystone or shale with a lower generalized resistivity 
curve.  Interval 5 correlates to the lower portion of the Wasatch Formation (Figure 19) 
and the tie indicates that it is Paleocene in age in this position of the basin.   
In the center of the basin, Well Tie 6 (Appendix A) shows the correlation between 
1-12-13 Pacific (Johnson et al., 1979b) to t he Federal T RW 13-12-598 well log  (thi s 
study). These wells ar e located T5S R98W  and are 0.7 mi / 1.1 km  apart (Figures 55, 
56).  Cuttings indic ate Interval 5 is entirely gr een to gray claystone or shale.  Interval 5 
correlates to the lowest most Shire Member and the tie indicates t hat it is early Eocene 
in age.   
To the southwest, Well Tie 10 (Appendix  A) shows  the correlat ion between 1 
Kennon (Johnson et al., 1979b) to the Knox F ederal well log (this study). These wells  
are located T8S R96W and are 0.7 mi / 1.1 km  apart (Figures 55, 56).  Cuttings indicate 
interbedded variegated claystone or shale with traces  of coal .  I nterval 5 c orrelates to 
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the uppermost Atwell Gulch Member and the tie in dicates that it is late Paleocene i n 
age.   
To the southeast, Well Tie 8 ( Appendix A) shows  the correlation between 1 
Shaeffer (Johnson et al., 1979b???) to the 12- !DP1W Shaeffer well log (this study). 
These wells are loc ated T7S R9 3W and are 0.54 mi / 0.86 km apart  (Figur es 55, 56).   
Cuttings indicate Interval 5 is entirely va riegated claystone or shale.  The interval 
correlates to the upper Atwell Gulch Member and the tie indicates that it is late 
Paleocene in age.   
Outcrop Tie A correlates the northern outcrop measured section by Hail (1990) at 
Yellow Creek and Crooked Wash to the Federa l BCU 34-8-198 well of this study.  The 
well is  loc ated in Se c 8 T1 N R98W an d is  approximately 8.5 mi/13.7 km from the 
outcrop.  Hail (1990) descri bes the strata both above and below the Interval 5 
correlation as having gray or olive green to gray interbedded mu drock.  This lithology is  
defined by Hail (1990)  as the lower-most strata in the Uppe r Member of the Fort Union 
Formation, and is upper Paleocene. 
Pertinent data from literature 
The relativ e thin and fine grained nature of  Interval 5 make the correlation s to 
outcrop difficult.  To the south, Erhardt (2005) defined major units as bounded by a 
laterally continuous gray mudstone.  Interv al 5 likely correlates to a mud-rich unit 
between her large scale intervals. 
Deposistional Interpretation of Interval 5 
Two log facies are interpreted: Well Drained Floodplain and Poorly Drained 
Floodplain (Figure 61) .   Littl e s andstone is present in In terval 5 so the delineation 
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between the floodplain types was made on the basis mudrock colors from lithology logs. 
The northern lithology logs (Well Ties 4 and 6, Appendix A) have mudr ock that is green 
and gray whereas the mudrock of the sout hern lithology logs  (Well Ties 8 and 10,  
Appendix A) have mudrock that is variegated in color. The mudrock color implies that  
the southern basin was subaerially exposed in  a Well Drained Floodpl ain, whereas the 
northern basin was s ubmerged in a Poorly Drained Floodplain.  The change in the log 
facies from the underlying sandstone-rich Interval 4 can be ascribed to a number of  
possible process: (a) the basin was reachi ng a point of little accommodation with little  
sediment influx into the bas in and the basin infilling wa s probably nearing c ompletion; 
(b) possibly there was a change in the clim ate which caused higher precipitation r ate 
and thus a higher groundwater t able; and/or, (c) development of an axial fluvial system  
that resulted in sediment by-pass in the basin.. 
 
  
Figure 61.  Depositional interpretation of 
Interval 5 superimposed on net sand-
stone map.   Locations of  Well and Well- 
Poorly Drained Floodplain facies, repre-
sentative wells, and well lithology ties. 
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INTERVAL 6 
Interval 6 is present throughout the basin and consists of sandstone wit h 
interbedded mudrock units.  T wo significan t sandstone units are present: one at the 
base of the interval in the northern and c entral basin; and another at the top of the 
interval.  T hese sandstone units  are important  as they are “G Sandstone” natural gas  
producing reservoirs in the Wasatch Formation of the Piceance Basin. 
Stratal Thickness Variations 
Interval 6 varies in t hickness from 0 to  800 feet (Figure 62) with most value s 
varying from 100 to 400 feet.  Three disc rete areas of significant isopac h thickness 
values are present: (1) betw een 600 and 800 feet in T 6-7S R91-94W (Figure 62; Wells 
23-37, Figure 63); (2) between 500 and 700 feet trending northeasterly from T5S R96W 
to T3S R95W (Figure 62; Wells 12-21, Fi gure 64); and (3) betw een 500 and 700 feet  
trending east-west from T1N R98W to T1N R 96W ( Figure 62; Wells  1-3, Figure 64).   
Two areas with significant thi ckness are pr esent in the nor th central and s outhern part 
of the basin (Figure 62).  
Net Sandstone Distribution 
 The net s andstone amount varies betwe en 0 and 260 feet with most of the 
interval varying between 20 to 120 feet (Figure 65).  The highest amounts of net  
sandstone are present in broad areas: (1) between 100 and 250 feet in T6-7S R91-
93W; (2) between 100 and 150 feet trending north west from T7S R94W to T5S R95W ; 
and (3) between 80 and 160 feet trending east from T1N R98W to T1N R96W. 
 Two significant sandstones are present within Interval  6: a lower sandstone at 
the base; and an upper sandstone at the top (Figures 63, 64, 66, 67).  The lower 
Figure 62.  Isopach map of Interval 6.  
Locations of a well (black dots), Figures 
63-64 and 69, representative well logs 
(Figure 68), and well ties 3, 10, 11 and 12 
and Outcrop Ties B and C (Appendix A) are 
shown.  
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Figure 63.  Gamma-ray and resistivity cross section illustrating Interval 6.  Datum is top of Interval 6.  See Figures 62, 
65-67 for location of cross section.  Wells 17 and 28 are shown in greater detail in Figure 68.
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Figure 64. Gamma-ray and resistivity cross section illustrating Interval 6. Two significant sandstones exist: a lower sand-
stone and upper sandstone.  See Figures 62, 65-67 for cross section location.  Well 2 and 11 are shown in greater detail 
in Figure 68.
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Figure 65.  Net sandstone map of Interval 6.   
Locations of a well (black dots), Figures 
63-64 and 69, representative well logs 
(Figure 68), and well ties 3, 10, 11 and 12 
and Outcrop Ties B and C (Appendix A) are 
shown.
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Figure 66.  Net sandstone map of lower 
sandstone in Interval 6. Locations of a well 
(black dots), Figures 63-64 and 69, represen-
tative well logs (Figure 68), and Well tie 3 
(Appendix A) are shown.  
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Figure 67.  Net sandstone map of upper sandstone in 
Interval 6.  The map is constrained in the southern basin 
by outcrop data (base of the Molina Member).  This is the 
productive G Sandstone in Parachute and Rulison fields.  
Locations of a well (black dots), Figures 63-64 and 69, 
representative well logs (Figure 68), and Well ties 3, 10, 
11 and 12 and Outcrop Ties B and C (Appendix A) are 
shown.  
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 sandstone is present  only in  the northern basin and vari es in net sandstone content  
from 0 to 60 feet.  There are three areas of high net s andstone in the lower  sandstone 
(between 40 and 50 feet) that trend east-northeast (Figure 66): (1) T5S R96-97S (Wells 
18-23, Figure 64); (2) T1-2S R97-98W (W ells 4-9 Figure 64); and (3) T1N R97-98W 
(Wells 1-3 Figure 64).   
The second upper sandstone unit is at the upper boundary of Interval 6.  The 
upper sandstone varies in net s andstone content from 0 to 80 feet, with the majority of 
the unit c ontaining at  least 60 f eet (Fi gure 67).  The northeaste rly trend of the upper 
sandstone in the s outhern basin (fro m T8-9S R95-98W to T7S R94W) changes 
direction to a more northerly trend in t he northern basin (from T7S R94W to  T1N R95-
96W) (Wells 1-23 F igure 63; F igure 67).  The upper s andstone is more than 3 times  
wider (approximately 20 mi / 32 km) at the southwestern outcrop in T8-9S R95-97W as 
compared to the width (approximately 6 mi / 9.6 km) at Parachute Field in T6S R95W.  
Basal Log Contact 
The basal log contact of Interval 6 is well defined to the north and central portions 
of the basin, but gradational to the south.  To the nor th, the contact separates an 
underlying mudrock with high gamma -ray values and low resistiv ity values (Interval 5)  
from an overlying sandstone unit with low ga mma-ray values and moderate resistivity  
values (F igures 63, 64, 68).  To the nor th, the low g amma-ray values s andstone unit 
thickens, to approxim ately 50 to 100 feet in the northern most part of the basin, and 
directly ov erlies a mudrock (Figure 64, 68A) .  In the central part of the basin, the 
overlying s andstone thins to ap proximately 20 feet, but still ov erlies mud rock units 
(Figures 64, 68B).  To the south, the contact is more gradational that has a generally 
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 higher resistivity values (Figure 69) and a sometimes present basal san dstone unit  
(Figure 63, 68C, 68D). 
Internal Log Characteristics 
 Interval 6 generally consists of three general units: (1) a lower sandstone-rich 
unit; (2) a middle unit  consisting of inte rbedded s andstone and m udrock, and (3) an 
upper sandstone-rich unit.  The lower sandstone unit is approximately 50-100 feet thick  
and has a blocky gamma-ray l og signatur e (Wells 1-9 Figure 64; Figure 68A).   The  
middle unit  is interbedded s andstone and mudrock:  the sandstone units are generally  
10-30 feet thick, and have a blocky gamma-ray log pattern but sometimes fine upward; 
and the mudrock in the souther n-central wells hav e higher gam ma-ray values than the 
southwestern and northern wells  (note Wells 22-37 in compar ison to Wells 1-14, Figure 
63; Well D as compar ed to Well A and Well B, Fi gure 68). The upper sandstone unit is  
25-200 feet thick and usually has a blocky gamma-ray log signat ure but can be fining 
upward (Wells 3-21, Figure 63; Wells 1-10, Figure 64; Figure 68A-C). 
The resistivity values of Interval 6 di ffer across the Pic eance Basin.  Across the 
southern basin, there are three areas of high resistivity values (Figure 69): (1) at Grand 
Valley F ield, the high resi stivity values are associat ed with disc ontinuous sandstone 
bodies; (2) at Rulison Field, the upper sandstone of Interval 6 exhibits high resistivity  
values; and (3) in Mamm Creek Field (on t he northeast side of Div ide Creek anticline), 
there is a pattern of somewhat laterally continuous high resistivity values.  The high 
resistivity values in Rulison and possibly at Grand Valley Fields are likely due to natural 
gas; whereas the high resistivity values in  Mamm Creek Field are most likely due to the 
presence of fresh water sourced from recharge at the exposures on Divide Creek  
Figure 69. Averaged Resistivity illustrating Interval 6: (A) Uninterpreted, (B) Interpreted.  The resistivity is higher in three areas: (1) 
at Grand Valley field corresponding to discontinuous sandstone bodies; (2) at Rulison field where there is one continuous sandstone 
unit at the top of the interval; and (3) on the northeast flank on Divide Creek anticline where there is a pattern of laterally continuous 
high resistivity.  See Figures 62 and 65-67 for cross section location. 
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Anticline (S. Cumella, personal communica tion, 2010).  (Although the upper sandstone 
of Interval 6 produces natural gas at Parachute Field, no resistivity logs were acquired). 
In contrast, to the northern, the resistivity values vary in both the lower and upper 
sandstone units.  In the lower sandstone, the re sistivity value vary from low values (10-
20 ohms) in the Barcus Creek F ield (Wells 1-2, Figure 64; Figure 68 A) to moderate to 
high values (20 – 44 ohms) in the Ryan Gulch Field and fields farther south (Wells 4-25, 
Figure 64; Figure 68B).  The re sistivity values of the upper sands tones vary from low 
values (10-20 ohms)  in Barcus F ield (Wells 1-2, Figure 64; Figure 68A) to m oderate to 
high values (20 – 44 ohms) in Ryan Gulch Field and fields farther  to the south (Wells 1-
7 and 16-18, Figure 63; Wells 4-6, 19-19, and 22-25, Figure 64; Figure 68C). 
Upper Contact 
 The upper log contact  of Interval 6 is consistent throughout the Piceanc e Basin, 
except to the southeast.  In most of the basin, the upper contact separates an 
underlying sandstone with low gamma-ray values from an overlying higher gamma-ray 
values mudrock that has distinctive lower  resistivity values (w ells 1-24, Figure 63;  
Figure 64; Figures 68A- C; Grand Valley, Parachute, and Rulison Fields on Figure 69).  
To the southeast, the upper contact is defined by a decrease in resistivity values ;   
however, the correlation becom es difficult bec ause in many wells the resistivity logs 
were not acquired (Wells 32-36, Figure 63; Figure 69)  
Well and Outcrop Ties  
Two well ties (1 and 10; A ppendix A) and two core descriptions (39 and 40; 
Appendix A) tie the litholog y, environments of depositio n, nomenclature, and age 
designation to the correlations.  Well Tie 1 (Appendix A) shows the correlation from the 
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General Petroleum 26-25 (Johnson, 1979b) t o the Federal BCU 42-31-198 (this study). 
These wells are locat ed T1N R9 8-99W in the northern portion of the basin, are 1.5 m i 
/2.4 km apart, and are in a locality of great er thickness and net s andstone (Figures 62, 
65).  Amstrat cutting data indicate the lithol ogy consists of: (1) variegated c laystone or 
shale units ranging from 25 to 100 feet thick containing ostracods (Note, the ostracod s 
seem to be out of place and c ould be from lithology higher in the well bore); and (2)  
calcareous sandstone units ranging from 20 to 30 feet thick, being more abundant at the 
base, and some containing traces of coal .  Interval 6 correlates to the Wasatch 
Formation and the tie indicates that it is Eocene in age in this position of the basin. 
Well T ie 10 correlates the Amstrat cutting data from the 1 Kennon (John son, 
1979b) to the Knox Federal (t his study). These wells are located T8S R96W in th e 
southwestern portion of the basin, are 0.7 mi  / 1.1 km apart, and are in a loca lity of 
lower thick ness and net sandstone (Figues 62, 65).  Cuttings indicate  that Interval 6 
consists of : (1) several basal calcareous s andstone units that ar e about 20 feet thick 
and an upper unit that is 80 feet thick, (2 ) variegated claystone or shale units ranging 
from 20 to 40 feet thick, and (3) a minor siltstone unit that is approximately 20 feet thick.  
This lithology correlates to the lower portion of the Molina Member and the tie indic ates 
that it is lower to middle Eocene in this position of the basin.   
Two core descriptions that penetrated this interval are described.  First, Well Tie 
11 (Appendix A) relates the core descripti on of the DOE 1-M-18 well (Lorenz et al., 
1996) to the RWF Williams well (this study).  These wells are located in Section 18 T6 S 
R94W (Figures 62, 65). The core description only incorporates a 20.5 foot portion nea r 
the uppermost part of the Interval 6.  In gener al, Lorenz et al. (1996) interprets the core 
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as “contain(ing) a complete fluvial-channel sandstone, along with good examples of the 
associated overbank log facies that over- and underlie the channel” (p.15).  The base of  
the core consists of black laminated claystone overlain by silty mudstone. 
 A second core penetrated Interval 6 in the eastern portion of the basin.  The 
gamma ray log, environments of deposition, and generalized core description of the 
Moore 33-10A are s hown in We ll Tie 12 (Appendix A), whic h is located in SWNE of  
Section 33 T6S R92W (Figures 62, 65).  The core description and interpreted 
environments of deposition were  donated by Encana Oil and Gas (USA), Inc.  The top 
of Interval 6 is c orrelates at a depth of approximately 640 feet w here the lower contac t 
of Interval 6 is approximatel y 200 feet below the ba se of  the core.  The lithology of 
Interval 6 consists of interbedded sandsto nes, shaly  sandstones, and shale. Encana 
personnel interpret the environ ment of deposition as prim arily lacustrine and distal 
mouth bars in the middle of the interval to  channel mouth, channel  and alluv ial plain  
deposits at the top of the interval. 
Pertinent data from literature 
The upper sandstone of Interval 6 is equivalent to the lowermost sandstone body 
of the Molina Member (Outcrop Tie C, Appendix A).  In the southwestern outcrops of the 
Wasatch Formation, the lowermost sandstone body is defined as a “splay unit” 
(Johnson and Flores, 2003; Erhardt, 2005).  The splay unit is described as laterally 
continuous with a sheet geometry and is composed primarily of upper stage plane bed 
sedimentary structure and is in sharp contact with the underlying mudrock.  The 
maximum thickness is 20 meters (60 feet) in the southwest outcrop area studied by 
Erhardt (2005).  The Outcrop Tie B cross section (Appendix A) indicates that the splay 
unit thins to the west.  A photograph of the unit is in Appendix A, Outcrop Tie B.   
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In a nearby outcrop, Lorenz and Nadon (2002) produced a no rth-south outcrop 
cross section (Outcrop Tie A, Appendix A).  The cross section shows a basal sandstone 
unit that is separated from the upper strata of the Molina Member by a fine grained unit.   
The basal sandstone unit thins from 82 feet in the south, near the towns of Molina, to 32 
feet north of the tow n of DeBeque.  (Note that these thickness values were used to 
guide the net sandstone map of the Upper Sands tone of  Interval 6 (Figure 67).  
Paleoflow vectors also show a northern quadrant dir ection of flow, but it is unknown if 
the measurements were taken in the basal sandstone or above. 
Johnson and Flores (2003) correlated the sandstone beds of the Shire Member 
in the sout heastern outcrop to the Molina Member in the southwest.  The sandstone 
beds of the Shire Member ar e 130-295 feet thick and have in ternal features such as  
scoured bases, abundant charcoal  at the base, trough cro ssbedding, lateral accretion 
bars, and conglomerat ic lenses.  The sands tone beds in the southeast have paleoflow 
measured to the southwest. 
At Yellow Creek, a basal sandst one (50 feet thick) is trough cross bedded in the 
lower portion, then has alternating ripple laminated sandstone and rooted siltstones and 
mudstones near the t op.  A sec ond higher  sandstone of 27-46 f eet thick s hows limey 
mudstone ripup clast s, and has trough cross bed sets that are commonly highly  
contorted.  A third higher sandstone (48 f eet thick) has highly contorted trough 
crossbeds. These sandstones are interbe dded with mostly dark- gray mudstone and 
minor maroon mudstone beds  
The palynomorph assemblages collected in outcrop provide age correlations that  
give background to the ages stated in the well ties.  Johnson and May (1978) stated that 
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a sample collected 0.3 m below the base of the Molina was of late Paleocene in age.  In 
addition, at Yellow Creek, Hail (1990) described to a sample collected directly above the 
Wasatch-Fort Union boundary as having a “good late Paleoce ne assem blage” and 
another collected 60 feet below the top of the dark shale log facies (an interval above 6) 
as definitely Eocene.  Therefore, because of  the correlation with the Molina in Well T ie 
1, the age of Interval 6 is probably late Paleocene to early Eoce ne. This concurs with 
Johnson’s (2003) date for the Molina Member. 
Depositional Interpretation of Interval 6 
There are two major sandstone units with in Interval 6, each deposited due to 
renewed uplift of surrounding struct ural features.  The first is the Lower Sandstone of 
Interval 6 which is pr esent in the nort hern and centr al bas in.  The lower sandstone 
deposition was probably in re sponse to re-activation of the Douglas Creek  Arch and 
continued erosion of the expos ed Mesaver de Group (sediment input  1, 2, and 3 on 
Figure 70).   The Whit e River Uplift was als o probably  positive to constrain the north-
south deposition.  The two lo g facies interpreted for the lower sandstone ar e an Axial 
System and a Well Drained Floodplain ( Figure 70).    T he Axial System boundary 
delineates areas with greater than 25 feet of net sandst one and is: (1) from T3-4S 
R97W to T1N R97-98W with sediment input at T2S R 98W (sediment input 1 on 
Figure70) and T4S R98W (sedim ent input 2 on Figur e 70); and (2) a smaller system in 
T5S R96-97W with sediment i nput at T5S R97W (sediment input 3 on F igure 70).  T he 
log facies units are also distinguished by the gamma-ray log, lithology logs, and outcrop 
descriptions (Figure 70 for locations).   Co mparison of the gamma -ray values of the 
Axial System log facies  type log (Figure 16E)  compares to the representative wireline 
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Figure 70.  Depositional interpretation of the 
lower sandstone of Interval 6 superimposed on 
net sandstone map.   Locations of Axial System 
facies, Well  Drained Floodplain facies, the 
major net sandstone trends, representative 
wells, well lithology ties, and referred outcrop 
descriptions are shown. 
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log (Figure 68A) indic ates both have domi nantly low gamma-ray values (45-80 API), 
with usually sharp based and an amalgamat ed sandstone units greater than 50 feet 
thick (5500-5510 in Figure 68A). The log facies assemblage is Sa.  At the Yellow Cree k 
outcrop, three sandstone units, each about 50 feet thick and indicate channelization, are 
in alignment with the Axial S ystem.  In addition, the wells in Ry an Gulch and Bull Fork  
Fields exhibit the Axial System Log facies (Wells 4-9, Figure 64).    
The Well Drained Floodplain is  located ou tside of t he boundaries of the Axial 
System log facies (Figure 70)  and is defi ned as having les s t han 25 feet of net  
sandstone.  Comparis on of t he gamma-ray values of the Well Drained F loodplain log  
facies type log (Figure 16C) to the lower  sandstone of Interval 6 of W ell T ies 3 
(Appendix A) and the representat ive wireline log (Figure 68B) indicate all have mostly 
have moderate to high gamma-ray values  (90-170 API) with interbedded low gamma-
ray (45-80 API) unit s.  The log facies asse mblage of the Well Drained Fl oodplain 
includes minor St, Fs, Fmg, and Fmv.  
The second sandstone unit is the Upper Sandstone of Interval 6.  The up per 
sandstone deposition was pro bably in r esponse t o activatio n of the Uncompahgre 
Plateau to the southwest (sediment input 1 on Figure 71), drainage from the southeas t 
(sediment input 2 on Figure 71)  and poss ibly the initial c onnection between the Uinta 
and Piceance Basins (sediment input 3 on Fi gure 71).  The White River Uplift was also 
probably positive; constraining the fluvial system on the western side that caused 
decreasing fluvial width from approximately 20 miles in T9-10S  to 8 miles  in T6S (Axial 
System Log facies on Figure 71).  
  
Figure 71. Depositional interpretation of the upper 
sandstone of Interval 6 superimposed on net 
sandstone map.  Locations of Axial System facies, 
Well Drained Floodplain facies, representative wells, 
well lithology ties, and referred outcrop descriptions 
are shown. 
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Two log facies are mapped in  the upper sandstone of Inte rval 6:  Axial System, 
and a Well Drained F loodplain ( Figure 71).    The Axial System boundary delineates  
areas with greater than 30 feet of net sandstone and is  from T9-10S R 95-97W to T1N 
R96-98W (Figure 71).  Comparison of gamma-ray values of the Axial System log facies 
(Figure 16E) to the upper s andstone on representative wireli ne logs (Figur e 68A, 68 C) 
and the core description of Well Tie 11 (Ap pendix A) indicate all have dominantly low 
gamma-ray values (45-80 API); and are s harp based, amalgamated,  and greater than 
50 feet thick (5270-5340 on F igure 68A).  The log facies assemblage is Sa.  In the 
outcrop of the southwestern basin, the upper sandstone of Interval 6 is correlated with a 
“splay unit” (Erhardt, 2005; Johnson and Flores, 2003).  The splay unit is described as 
laterally continuous with a sheet geometry  and is composed prim arily of upper stage 
plane bed sedimentary structure and is in sharp contact with the underlying mudstones. 
The Well Drained Floodplain log facies  follows the s ame trend and flank s t he 
Axial System log facies.  It is defined as  having between 0 and 30 feet of net sandstone 
(Figure 71) .   Comparing the gamma-ray val ues of the Well Dr ained Floo dplain log 
facies type log (Figure 16C) to the upper s andstone of Interval 6 of  the core description 
of Well Tie 12 (Appendix A) and the representative wirelin e logs (Figure 68B, 68D)  
indicate all have mostly have moderate to  high gamma-ray values (90-170 API) with 
interbedded low gamma-ray (45-80 API) units.  The log facies  assemblage of the Well 
Drained F loodplain includes minor St, Fs, Fm g, and Fmv. In Outcrop Tie B (Appendix 
A), Erhardt (2005) indicates that the splay unit ends in approximately Section 1-2 T9S 
R98W, which aligns with the subsurface interpretation of this study. 
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INTERVAL 7 
Interval 7 is present throughout the Pic eance Basin. It is probable that the 
mudrock interval acts as a seal to the underlying hydrocarbon bearing Interval 6.   
Stratal Thickness Variations 
The thickness of Interval 7 varies between  0 and 300 feet; it is thickest to the 
north (between 200 to 300 feet ) along a north-south trend fr om T4S R97-98W to T1S 
R97W (Figure 72; Wells 5-8, Figure 73).   T he interval is thinnes t to the south, wher e 
the thickness is less than 150 feet with no significant iso-thick areas (Figure 72).   
Net Sandstone Distribution 
 Interval 7 is primarily mudrock wit h gener ally less t han 15 feet of sandstone 
present (Figure 74).  Two areas with greater sandstone content are: (1) to the southeast 
where a north-northw estern trend exists  (from T7S R92W to T6S R93W) with a 
maximum sandstone content is 35 feet; and (2) to the south (T10S R94W) in which the 
maximum sandstone content is 45 feet.  Note that the iso-thick in the north central basin 
(from T4S R97-98W  to T1S R97W) does  not correspond to greater net sandstone 
amount (less than 10 feet) (Figure 72, 74). 
Basal Log Contact 
The basal log contact of Interval 7 is co nsistent throughout  the Piceance  Basin.  
The basal contact separates an underlying low gamma-ray values sandstone zone from 
an overlying higher gamma-ray values mudro ck and has a distinctive lowe r resistivity 
values (Figures 73, 75).   
Internal Log Characteristics 
  The log character of Interval 7 is consistent throughout the  basin consisting of  
high  gamma-ray values  with low resistivity values    (Figure 75).     There are few  
Figure 60.  Interval 7 Isopach Map.  The interval is generally thin with the maxi-
mum thickness of about 350 feet in the central portion of the basin.
Figure 72.  Isopach map of Interval 7.   Loca-
tions of a well (black dots), Figure 73, repre-
sentative well logs (Figure 75), and well ties 4, 
6, 9 and 10 (Appendix A) are shown.
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Figure 74.   Net sandstone map of Interval 7.      
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ties 4, 6, 9 and 10 (Appendix A) are shown.
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interbedded sandstone units, appr oximately 10-20 feet (Figur es 73, 75).  These thin 
units are usually sharp based and topped and exhibit an associated moderate resistivity 
values (at depths 4440 and 4480, Figure 75).  
Upper Log Contact 
The upper log contact of Interval 7 is co nsistent throughout the basin.  The upper 
mudrocks of Interval 7 have high gamma-ray va lues and low resistivity values below the 
contact, and is distinct from the over lying low gamma-ray values and moderate 
resistivity values (Figure 75).   
Well and Outcrop Ties  
Amstrat cutting data from four wells in the central portion of the basin are used to 
tie the lithology, environment s of deposition, nomenclatu re, and age designation for 
Interval 7 (Figures 72,  74).  Well Tie 4 (App endix A) relates the lit hology data from the 
Equity Oil 1 (Johnson, 1979b) to the Feder al Ryan Gulch (this s tudy).  These wells ar e 
located in T2S R98W about 1.2 mi / 1.9 km apar t in the central portion of the basin an d 
are in an area of higher th ickness and low net sandstone content (Figures 72, 74). 
Cuttings indicate the lithology consists of medium to dar k gray or green calcareous  
claystone or shale with traces of coal.  Notably, Johnson (1979b) indicates a lower  
generalized resistivity curve for this interval.  Interval 7 correlates to the upper portion of  
the Wasatch Formation and the tie indicates that it is Eocene in age.   
Well Tie 6 (Appendix A) relates the lit hology data from the 1-12-13 Pacific 
(Johnson, 1979b) to the Federal TRW 13-12-598 (this study).  These wells are located 
in T5S R98W about 0.7 mi / 1.1 km apart in t he central portion of the basin (F igures 72, 
74). Cuttings indicate the lithology consists  of medium to dark gray or green calcareous 
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claystone or shale with traces of coal.  Interv al 7 cor relates to the lower portion of the 
Shire Member of the Wasatch Formation and the tie indicates that it is Eocene in age.   
Well Tie 10 (Appendix A) relates the lit hology data from the 1 Kennon (Johnson,  
1979b) to the Knox F ederal (this study).  T hese wells are located in T8S R96W about 
0.7 mi / 1.1 km apart in the central porti on of the basin (Figur es 72, 74). Cuttings 
indicate the lithology  consists of silt stone and variegated clay stone or shale with 
calcareous nodules.  Interval 7 correlates to the middle portion of the Molina Member of 
the Wasatch Formation and the tie indicates that it is Eocene in age.   
Well T ie 9 (Appendix A) relates the litho logy data from the 1 Hells G ulch 
(Johnson, 1979b) to the Perryman 10-13 (this st udy).  These wells are is located T 8S 
R92W about 1.6 mi / 2.6 km apart in the southeastern portion of the basin (Figure 72,  
74). Cuttings indicate the lithology consists  of variegated claystone or shale.  Interval 7 
correlates to the lowermost portion of the S hire Member of the Wa satch Formation and 
the tie indicates that it is Eocene in age.   
Pertinent data from literature 
In the Yellow Creek outcrop to the north, Hail (1990) states that the dominantrock 
type for the upper Wasatch Formation (Intervals  6 and 7 of this study), is gray, greenish 
gray, brown, and varicolored c laystone.  Hail (1990) interprets these strata as being  
deposited in a ‘fluvial plain that contained a few small ponds and swamps’. 
As Interval 7 is  thin to the south,  it is  not distinctively obser ved in outcrop. Even 
though Erhardt (2005) does not delineate this in terval in the southwest outcrop, each of 
her units is  bounded by a laterally continuous grey mudstone.  In addition, the outcrop 
cross section by Lorenz and Nadon (2002)  has a laterally continuous, fine grained un it 
152 
 
positioned stratigraphically wit hin the Molin a Member, directly overlying the basal 
laterally continuous sandstone interval (shown in Outcrop Tie C).   
Depositional Interpretation of Interval 7 
Interval 7 probably represents the initial incursion of Lake Uinta.  Two log facies 
are interpreted in Interval 7: Well Drained and Poorly Drained Floodplain (Figure 76).   
Little sandstone is present in Interval 7 so the interpretation was made on the basis of 
the mudrock colors.  Well Ties 8 and 10 in the southern basin indicate that the mudrock 
is variegated in color, whereas the mudrock in Well Ties 4 and 6 in the northern basin is 
gray or green in color.  The lithology logs and the outcrop descriptions imply the 
sediments of Interval 7 indicate four possible scenarios: (a) the basin was reaching a 
point of little accommodation with little sediment influx into the basin and the basin 
infilling was probably nearing completion; (b) possibly there was a change in the climate 
which caused higher precipitation rate and thus a higher groundwater table; (c) 
development of an axial fluvial system that resulted in sediment by-pass in the basin; 
and/or (d) the White River Uplift continued to rise, a northern high began to form, and 
thus, the drainage systems began to pond and created a submerged northern basin and 
a subaerially exposed southern basin. 
  
Figure 76.  Depositional interpretaion of Interval 7.   
Shown are locations of  Well and Poorly Drained 
Floodplain facies.  Representative wells, and well 
lithology ties are also indicated. 
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INTERVAL 8 
Interval 8 is present throughout the Pic eance Bas in.  The interval consists 
primarily of sandstone with interbedded mudrock units; the iso-thicks are on the eastern 
side of the basin, whereas t he high amount of net sandstone is on the western side of 
the basin.  This interval is si gnificant because it marks  the first development of lakes  in 
the Piceance Basin. 
Stratal Thickness Variations 
The thickness of Interval 8 varies from less than 150 feet to greater than 950 feet 
(Figure 77).  The thickest strata (700 to 950 feet) are present: (1) to the sout h, trending 
from T8S R93-94W to T6S R93-94W; and (2) to the north, trending from T3S R96W t o 
T1-2N R96-98W (Figure 77).   
Net Sandstone Distribution 
 The amount of sandstone in Interval 8 varies between 0 and 200 feet (Figure 78)  
Two areas in the subsurface have net sandstone values greate r than the surrounding 
area: (1) to the southwest (T8-10S R94-96W ); and, (2) to the northwest (from T3S 
R99W to T1S R98W).  The central portion of the basin (T3-6S R95-97W) has less net 
sandstone (10-50 feet).  Note that the areas of greatest net  sandstone are offset from 
the areas of greatest thickness in the interval (Figures 77, 78).   
Basal Log Contact 
The expression of the basal log contact of Interval 8 is  mostly throughout the 
basin.  T he contact separates  the mudrock of Interval 7 from the overlying more 
sandstone-rich  Interval 8 (F igures 79-83).  On the western side of the bas in, a bas al 
sandstone unit exhibits low gamma-ray values and moderate resistivity values overlying 
the contact (Figures 80, 81, 83A, 83C).   However,  to the  east,  the base of Interval 8 
Figure 77.  Isopach map of Interval 8.  The 
locations of Figures 79-82 are shown.  
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Figure 79.  Gamma-ray cross section illustrating Intervals 2-11.    Datum is the top of Interval 6.  See 
Figures 77 and 78 for location of cross section.      
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consists of mudrock with high gamma-ray values  and, therefore, is difficult to separate 
from the underlying mudrock of Interval 7 (Figures 79, 82).   
Internal Log Characteristics 
 The sands tone units  of Interval 8 diffe r from the northern to southern basin 
(Figures 79-81, 83).  To the northwest (T1N-T3S R98-99W), Interval 8 is sandstone rich 
and the sandstone bodies are late rally continuous (Figures 79, 80).  The vertical trends  
of the gam ma-ray log patterns of the sands tone bodies vary from  coarsening upward, 
cusp-shaped to fining upward; and some s andstone units exhibit  high resist ivity values 
(Figures 80, 83A).  Also the east (T1N -T6S R95-97W) is sandstone-poor (central  
portion of Figure 79; eastern side of Figur e 82).  To the south, the sandstones have 
gamma-ray patterns showing bot h stacked f ining upward and cus p-shaped units (Well 
4, Figure 81; 83C).  Note resistivity logs were not acquired for  many of the souther n 
wells due to the relatively shallow depths of Interval 8. 
Upper Contact 
 The wireline expression of the contac t between Intervals 8 and 9 is s imiliar 
throughout the Piceance Bas in.  A sands tone zone with low gamma-ray values  below 
the contact is overlain by a mudr ock with higher gamma-ray values (Figures 79-82, 83).   
To the northeast, where Intervals 8 and 9 ar e both dominantly mudro ck, the contact is 
not as eas y to identif y, but a thinner s andstone unit is still pres ent and un derlies t he 
mudrock (central portion of Figure 79; eastern side of Figure 82). 
Well and Outcrop Ties  
Amstrat cuttings from two wells (Well Ties 2 and 10), a core description (Well Tie 
12), and an outcrop cross-section (Outcrop Ti e B) are helpful in tying the lithology, 
environments of deposition, nomenclature, and age designation to the correlations of  
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this study.  Well Tie  2 relates the  lithology data from th e Ohio 1 Ryan Creek  (Johnson 
1979a) to the Federal RGU (this  study). These wells are located in T1-2S R98W in the 
northern portion of the basin, ar e 0.35mi / 0.56 km apart, and are in a locality of greater 
thickness and net sandstone (Figures 77, 78).  From cutting data, the lithology  consists 
of: (1) numerous calcareous s andstone units ranging from 20 to 40 feet thick; (2)  
interbedded medium to dark grey and green cla ystone or shale units ranging from 40 to 
150 feet thick containing ostr acods with few traces of coal; (3) a basal calcareou s 
siltstone about 75 feet thick; (4) one dark grey or green to black claystone or shale un it 
that is 75 feet thick; and (5) one coal bed about 20 feet thick.  Interval 8 correlates to an 
“unnamed lacustrine member” of the Green River Formation and the tie indicates that it 
is early to middle Eocene in age (Well Tie 2, Appendix A).   
Well Tie 10 relates the lithologic  data fr om the 1 Kennon well  (Johnson, 1979b)  
to the Knox F ederal well (t his study). These wells are lo cated in the s outhwestern 
portion of the basin (T8S R96W), are 0.7 mi / 1.1 km apart, and are in a loc ality of lower 
thickness but higher net sands tone (Figures 77, 78).   Cuttings  consist of: (1) mostly 
calcareous sandstone units ranging from 10 feet to 40 feet thi ck; (2) siltstone units that  
are approximately 10-30 feet thick; and (3) variegated claystone or shale units ranging 
from 20 to 40 feet thick.  Interval 8 correlates to the upper portion of the Molina Member 
and the tie indic ates that it is early to middle Eocene in age (Figure 24; Well T ie 10,  
Appendix A).   
Well Tie 12 (Appendix A) is a generaliz ed core description with environments of 
deposition of the Moore 33-10A (Figures 77, 78); the well is correlated to the intervals of 
this study by the gamma-ray log.  This core description was provided by Encana Oil and 
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Gas (USA), Inc.  The base of Interval 8 is  correlated at a depth of approximately 510 
feet in the core.  The core consis ts of interbedded sandstones, shaley sandstones, and 
shale.  From the desc ription, the environments of depo sition are interpreted by Encana 
personnel at the base of Interv al 8 to be primarily inter bedded fan delta, lacustrine,  
lacustrine mudflat, and subaerial floodplain (depths 440 to 510 feet) to distributary  
channel, lacustrine mudflat, fan delta dist ributary channels, and floodplain ( depths 330 
to 440 feet). 
Outcrop Tie B (Appendix A) is an outcrop cross section in the southwestern basin 
(Erhardt, 2005).  From examin ation of Well Tie 10 (Figures 77, 78; Appendix A), which 
is approximately 10 miles to the northeast of Outcrop Tie C, In terval 8 is the upper part 
of the Molina Member and correlates to Erhardt’s Sandstone Unit (393 ft / 120 m 
maximum thickness).  The dominant lithologies  in this  system are cross stratified to 
planar sandstone  and pebbly s andstone in a mottled grey mudstone matrix.  To the 
west, the mudstone percentage  increases , whereas  channe l-fillsand stone bod ies 
become m ore isolated and disc ontinuous (Er hardt, 2005).  Erhar dt (2005) s tates that 
these strata “record(s) a conspic uous increase in channelization” .  The c hannels here 
are 5-15 m  thick and show u pper stage plane and trough cross stratification.  Limited 
incision is  noted and   the system is in terpreted as aggradational with northeast 
paleoflow direction.  Erhar dt (2005) agrees with Lorenz and Nadon (2002) that these 
strata could be a braided channel in a muddy  setting because of the sediment choked 
nature of the channels 
Outcrop Tie C (Figur es 77, 78; Appendix A) is an o utcrop cross section from 
north of DeBeque to t he town of Molina ( Lorenz and Nadon, 2002).  From examination 
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of Well Tie 10 (Figures 77, 78; Appendix A) , which is approximately 6 miles to the 
northeast of Outcrop Tie C, Interval 8 c orrelates to the upper por tion of the Molina 
Member on the cross section.  The cross section shows that t he upper portion of the 
Molina Member thins from about 260 ft / 80 m to  the south to 65 ft / 20 m to the north 
and that the sandstone units vary from fine grained to very coarse grained and contain 
scattered pebbles.  T he bedding is mostly pl anar-parallel with horizontal to low angle 
laminations, but trough cross bedding and massive bedding also exist.  
Pertinent data from literature 
 Interval 8 is equivalent  to the upper portion of the Molina Member in the 
southwest (Well Tie 10, Appendix A). West of Battlement Mesa, Johnson and Flore s 
(2003) state “…the upper part [of the Moli na Member] is mainly thin bedded with 
mudstone units and low-angle a ccretion surfaces” (p.43).  The t hickness decreases to 
the northwest between to 15 0 and 200 feet  and the sandstones are less amalgamated.  
The sandstones are v ery fine to coarse gr ained, horizontal laminated, and int erbedded 
with grey mudstones.   
From well t ies (Well T ie 1, 2, and 4, Appendix A), Interv al 8 is equivalent to the 
lower-most portion of the Cow Ridge Member of the Green River Formation to the north.  
Johnson ( 1985) inter prets the Cow Ridge Me mber at outcrop to be the marginal 
lacustrine sediments deposited in  the initial fresh water int erval of Lake Uinta 
deposition.  The marginal lacustrine sediments c onsist of interbedded siltstone, 
sandstone and limes tone.  The siltst one and sands tone beds  are commonly ripple-
laminated, fairly persistent laterally, and  co mmonly fossiliferous.   The  limestone units  
contain abundant ostracods and mollusks (of fresh water origin)  and only rarely contain 
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stromatolite structures (Johnson, 1984).  Additional preserved fauna include fish, turtles, 
crocodiles, and flamingos.   
Depositional Interpretation of Interval 8 
Interval 8 preserves the initial develop ment of the fresh water phase of L ake 
Uinta.  T hree log facies are present in Inte rval 8: Upper DF S, Lacustrine Delta, and 
Shallow Lacustrine (Figure 84).   Three Upper DFS log fac ies exist in which the 
boundary delineates areas with gr eater than 140 feet of net sandstone and are located: 
(1) T8-10S R94-96W, (2) T8-9S R93W, an d (3) T6S R93-94W. The Upper DFS log 
facies at sediment input lo cality 1 (Figure 84) compares to the southwestern outcrop 
and the remaining Upper DFS log facies are presumed by their localities on the edge of 
the basin and net sandstone values.  
Outside of the boundaries of the Upper  DFS log facies, the three southern 
Lacustrine Delta’s are defined as having be tween 90 and 140 feet of net sandstone and 
the two northern Lacustrine Deltas (sedim ent input numbers 4 and 5 on Figure 84) are 
defined as having greater than 90 feet of net sandstone. The Lacustrine Delta log facies 
in the south differ slightly from those in the north.  The southern log facies (sediment  
input numbers 1, 2, and 3 on F igure 84) are interpreted by relative position to the Upper 
DFS, the decreased net sandstone values, and t he log patterns (Figures 79-81, 83C).  
The log patterns vary, from sharp based, fi ning upward to cusped and bloc ky shaped 
patterns, and may be a result of high fluv ial influx forming distributary mouth bars 
deposisted during rising lake le vel.  A comparision of t he gamma-ray values of the 
Lacustrine Delta (F igure 16F) to the Well Tie 1 (Appendix A) a nd the representativ e 
wireline log (Figure 83A) indicates dominantly low gamma-ray values (45-80 API) that  
Figure 84.  Depositional interpretation of Interval 8 superim-
posed on the net sandstone map.   The lithofacies are 
shown:  Upper DFS, Lacustrine Delta,  and Shallow Lacus-
trine. Interpreted sediment entry point along the margin of 
the basin are shown (1-5). Representative wells, well 
lithology ties, and referred outcrop descriptions are also 
indicated. 
Location of repre-
sentative well
Location of 
Well Lithology 
Tie
Outcrop 
Location
Facies 
Boundary 
Localities of 
sediment input1
Fig. 
83C
Fig. 
83B
Fig. 
83A
12 miles
19.3 km
C
on
to
ur
 In
te
rv
al
 =
 1
0 
fe
et
Upper 
DFS
Well 
Tie 2
Well Tie 10
Well 
Tie 
3Lacustrine
Delta
Lacustrine
Delta
Well 
Tie 5
Well 
Tie 
6
Shallow
Lacustrine
Outcrop 
Tie B
Outcrop 
Tie C
?
?
?
Upper 
DFS
Upper 
DFS
Lacustrine
Delta
Lacustrine
Delta
Lacustrine
Delta
?
Shallow
Lacustrine
?
1
2
3
4
5
Well 
Tie 
12
R92W R91W
R93WR94WR95WR96WR97W
T9S
T8S
T7S
T6S
T5S
T4S
T3S
T2S
T1S
T1N
T2N
168 
 
are thinly interbedded with moderate gamma-ra y value (90-120 API).  The log facies 
assemblage includes interbedded Fmgf and St.   
The Shallow Lacustrine Log facies is de lineated by  less than  30 feet of net 
sandstone and is located in the central basin (T3-7S R95-97W) and on the eastern side 
of the northern basin (T1N – T3S R96-97W).  A comparis ion of the gamma-ray values  
of the Shallow Lacustrine  Log facies (Figure 16l) to Well Ties 3 and 6 (Appendix A) and 
representative log (Figure 83B) indicates all have high gamma-ray values (120-170 API) 
interbedded with low to moderate gamma-ray values (60-80 API).  The log facies  
assemblage includes majority Fmv and Fmg, Ss and St.  
The sedim ent input locations indicate surrounding structural movementshighs.   
The structural influences and the sediment input locati ons are:  the Uncompahgr e 
Plateau (s ediment input 1 on 84); possibly the Divide Cree k Anticline or another  
southern high (sediment input 2 on Figure 84); the White Riv er Uplift (sediment input 3 
and 4 on Figure 84); and possibly the initial connection between the Uinta and Piceance 
Basins over the Douglas Cr eek Arch and/or sediments s hed from the Douglas Creek  
Arch (sediment input 5 on Figure 84).  In  addition, a northern uplift must have been 
formed to act as a sill for the fresh water lake.  
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INTERVAL 9 
Interval 9 is a regional mudrock unit that separates the more sandstone-rich 
intervals 8 and 10. The interval is present basin wide, is relatively thin  with low 
sandstone content in the southern basin , and thicker and lac king sands tone in the 
northern basin.   
Stratal Thickness Variations 
The thickness of Interval 9 varies betwe en 0 and 240 feet (Figure 85). Three 
major iso-thick trends are present: (1) in th e west from T6S R97- 98W to T4S R96-97W  
with 100-240 feet of strata (We lls 24-35, Figure 86); (2) to the north from T3S R97W to 
T1S R97W with 100-180 feet of strata (Wells 4-6, Figure 87); and (3) to the southeast in 
T6S R92W with greater than 200 feet  of strata.  To the south,  the interval thins to les s 
than 120 feet. 
Net Sandstone Distribution 
 The amount net sandstone in Interval 9 is  minor, with less than 10 feet in most  
places. However, two localized areas have more than 15 feet of net sandstone: (1) T8S 
R96W and (2) T7S R 96-97W (Figure 88).  A comparison between the isopach and net 
sandstone maps indic ated that iso-thicks in the north cent ral basin (T6S R97-98W to 
T4S R96-97W and from T3S R97W to T1S R 97W) correspond to minor amounts of net 
sandstone (less than 5 feet). 
Basal Log Contact 
The basal log contact  of Interval 9 va ries throughout the Piceance Basin.  The 
contact separates an underly ing low gamma-ray value s andstone zone from an 
overlying mudrock with higher gamma-ray values (Figures 86, 89).  In some wells, the  
Figure 85.  Isopach map of Interval 9.  Location of 
Figure 86, 87, and 89 are shown.
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Figure 86.  Gamma-ray and resistivity cross section illustrating Interval 9: (A) structural cross section with Interval 9 
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Figures 85 and 88.
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Figure 88.  Net sandstone map of Interval 9.   
Locations of Figure 86, 87, and 89 are shown.
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contact is sharp with the overlying mudrock hav ing higher gam ma-ray values (greater  
than 170 API) signature (Wells17-19, Figure 86); in other wells, the contact is 
gradational with the overlying m udrock hav ing only a general inc rease of th e gamma-
ray values (Wells 5-7, Figure 87; Figure 89).   
Internal Log Characteristics 
  Interval 9 consists of primarily m udrock with a moderate to high gamma-ray  
values and low resistivity values  (Figur es 86, 87, 89).  A few interbedded sandstone 
units are present which are approximately 10-20 feet.  The sandstone units usually have 
sharp bases and tops and exhibit associated moderately higher resistivity values (Wells 
1-20, Figure 86).  Where the in terval thickens to the  sout h, it becomes increasing ly 
mudstone-rich and the gamma-ray values generally increase (Wells 24-31, Figure 86). 
Upper Log Contact 
The upper log contact of Interval 9 is mo stly constant throughout  the bas in.  In 
general, the contact separates the underlying mudrock with high gamma-ray values and 
low resistivity values from the overlying sandstone with low gamma-ray and moderate to 
high resistivity values (Figure 87).  In the Ryan Gulch Field, an overlying sandstone unit 
(50-75 feet) is present that has low gamma-ra y and high resistivity values (Wells 9-19,  
Figure 86; and Wells 1-4,  Figure 87).  In ar eas with low net s andstone amo unts, the 
basal sandstone has higher gamma-ray and lo wer resistivity  values ( Wells 21-28, 
Figure 86).   
Well and Outcrop Ties  
Amstrat cuttings from two wells  and one core description help to identify the 
lithology, environments of depos ition, nomenclature, and ag e designation.  Well T ie 4 
(Appendix A) relates the lit hology data from the 1 Su lfer Creek Government 
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(Johnson,1979b) to the Federal Ryan Gulch (this study).  T hese wells are located T2S  
R98W, are 1.2 mi / 1.9 km apart, and are in a locality of slightly greater thickness and 
lower net sandstone content (Figures 85, 88).  Cuttings indicate that Interval 9 consists  
of medium to dark gray or green calcareous claystone or shale with traces of coal.   
These strata correlate to the upper por tion of the Wasatch Formation and the tie 
indicates that it is Eocene in age.   
Well Tie 6 (Appendix A) relates the lit hology data from the 1-12-13 Pacific 
(Johnson, 1979b) to the Federal Ryan Gulc h (this study).  These wells are located T5S 
R98W, are 0.7 mi / 1.1 km apart (Figures 85,  88).  Cuttings indica te that Interval 9 
consists of medium to dark gray or green calcareous  claystone or shale with traces of 
coal.  These strata correlates to the mi ddle portion of the Shir e Member and the tie 
indicates that it is Eocene in age.   
Well Tie 12 (Appendix A) is a generaliz ed core description with environments of 
deposition of the Moore 33-10A; the well is  correlated to t he intervals of thi s study by 
the gamma-ray log (Figures 85, 88).  This core description was provided by Encana Oil 
and Gas (USA), Inc.  Interval 9 is correla ted to a dept h of approximately  250 and 325 
feet.  The core consists of interbedded silt stones and shale.  From  the des cription, the 
environment of deposition is  interpreted by Enc ana personnel to be primarily 
subaqueous fan and subareal floodplain 
Pertinent data from literature 
Johnson (1985) disc usses the development  of the early Eoc ene fresh water 
lakes in the Uinta and Pic eance Bas ins. These fres h water lakes are int erpreted to 
correspond to Intervals 8-11 by virtue of t he well ties.  In the southwestern outcrop, a 
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thin tongue of fresh w ater lacustrine strata are preserved.  From  the sediment and its 
large distance from the northern lacustrine  outcrop, Johnson (1985) interprets a period 
of maximum transgression occ urring in the middl e of the fresh water lacustrine s ection.  
Possibly Interval 9 corresponds to the maximum transgressive sediments. 
Depositional Interpretation of Interval 9 
Interval 9 represents inundation by the fresh water Lake Uinta with reduced 
sediment input.  One log facies is interpreted in Interval 9: Shallow Lacustrine (Figure 
90).  A comparision of the gamma-ray values of the log facies type log (Figure 16) to the 
Well Ties 4, 6 and 12 (Appendix A) and the representative wireline log (Figure 89) 
indicates all logs have dominantly high gamma-ray values (120-170 API) with little to no 
lower gamma-ray values. The log facies assemblage includes minor St, Fs, and Fmv. 
 
  
Figure 90.  Depositional interpretation of Interval 9 
superimposed on net sandstone map.   Representa-
tive wells and well lithology ties are indicated. 
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INTERVAL 10 
Interval 10 is compos ed of interbedded sandstone and mudrock, differing from 
the northern to the southern basin.  In general,  the interval is thick in the northeastern 
basin but more sandstone rich to the northwest ern; to the southeast, Interval 10 is both 
thick and s andstone rich.  Interval 10 is late rally equivalent to the middle portion of the 
Cow Ridge Member of the Gr een River Formation in the nor thern basin and the Shire  
Member in the southern basin (Figures 23-25). 
Stratal Thickness Variations 
Interval 10 varies in thickness between 50 and 500 feet (Figur e 91).  Most of 
Interval 10 is less  than 250 feet thick, and is  present in the central part of the bas in .In 
general, the thickest strata (greater than 250 feet) are al ong the eastern side of th e 
basin in a northwestern trend from T7S R94W to T1N R98W  (Figure 91). Specifically , 
four areas have greater than 400 feet of strata: (1) T7S R94W (Figure 91); (1)T6S R95-
96W (Figure 91, Wells 4-11, Figure 92); (3) T2S R96W (Figure 91); and, (4) T1N R98W  
(Figure 91;  Wells 1-6,  Figure 93) .  Minor is o-thicks are in T6-7S R96-97W (Figure 91 ; 
Well 1, Figure 92; Wells 27- 31 Figure 93) and T3-4S R98W (Figure 91; Wells 20-2 3 
Figure 93).   
Net Sandstone Distribution 
 The amount of net sandstone v aries fr om 0 to 100 f eet. Three areas have the 
greatest amount of sandstone: (1) an area (T6S R94W to T6-7S R96W) in the 
southeast with amounts greater than 100 feet  (Wells 12-18, Figure 92; Wells 29-30,  
Figure 93; Figure 94); (2) an area  in the center of  the basin (T5S R95W to T5S R97W ) 
with amounts between  40 and  60 feet  (Figure 94);   and (3) an area in the northwest 
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Figure 92.  Gamma-ray and resistivity cross section illustrating Interval 10: (A) structural cross section with Interval 10 highlighted, 
and (B)  stratigraphic cross section flattened on the top of Interval 10. Location of cross section is shown in Figures 91 and 94.         
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Figure 93.  Gamma-ray and resistivity cross section illustrating Interval 10: (A) structural cross section with Interval 10 highlighted, 
and (B)  stratigraphic cross section flattened on the top of Interval 10. Location of cross section is shown in Figures 91 and 94.         
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 (from T3S R98W to T1N R98W ) with amount s between 30 and 70 f eet (Wells 1-20, 
Figure 93; Figure 94). 
Basal Log Contact 
The basal log contact of Interval 10 is  similar throughout the basin.  In general,  
the contact separates  the un derlying mudrock with high ga mma-ray and low resistivity  
values from the overlying sandstone wi th low gamma-ray and moderate to high 
resistivity values (Figure 95A-C).  To the north at Ryan Gulch Fi eld, a basal sandstone 
unit (50-75 feet thick)  ov erlies the contact and has lo w gamma-ray and high resistivity  
values (Wells 10-20, F igure 93; Figure 95A).  In the centra l basin, in areas wit h low net 
sandstone amounts, the basal s andstone has higher gamma-ray and lower  resistivit y 
values (Figure 95B).  To the south, the basal sandstone can be up to 50-75 feet thick 
(Wells 2, 4, 8, 9, 14, 16,  17 Figure 92; Figure 95C ) but may also be thinner with a 
higher gamma-ray values (Wells 5, 6, 10, 11 Figure 92).   
Internal Log Characteristics 
  Interval 10 is generally sandstone-rich, but changes character in different 
portions of  the bas in.  In the northern-most bas in, the interval thick ens and the 
sandstone units have a variety of gamma-ra y log patterns, varing from coarsening 
upward, cusped shape, and fining upward (Well 2, Figure 93).  F arther south in Ry an 
Gulch Field, the inter val is thin but has a large amount of  net s andstone (Wells 10-19, 
Figure 93;  Figure 95A), and the sandstone uni ts are generally sharp based fining 
upward or are amalgamated s andstone units (Figure 95A).   The sands tone content 
decreases to the east of Ryan Gulch (Figur e 82) and to the south at the top of the 
interval (Wells 19-31, Figure 93).  In the south central basin, the interval thickens and  
Figure 95.  A representative wireline log (gamma-ray and resistivity) for Interval 10:  (A) Well 
14 on Figure 93, (B) Well 24 on Figure 93, (C) Well 14 on Figure 92, and (D) on Figures 91, 94 
and 96.  See Figures 91 and 94 for location of wells. 
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the sandstone content decreases (Figure 92) .  However, there are some sandstone 
bodies (low gamma-ray values ) with sharp bases, and have c oarsening upward or 
cusped shape vertical profiles (Wells 3-11, Figure 92).  In the southeast basin at Rulison 
Field, the sandstone cont ent increases and the s andstone units are amalgamated 
(Wells 12-18, Figure 92; Figure 95C). 
Upper Log Contact 
The upper  contact of Interval 10 changes  across the Piceanc e Basin.  To the 
north, the contact separates the underly ing mudrock with high gamma-ray values  
present in the upper portion of Interval 10 from the overlying sharp based sandstones  
with low gamma-ray values of In terval 11 (Figures 93, 95A, 95 B).  In the wells with a 
resistivity curve, there may be a slight overall increase in the resistivity values (Wells 6, 
24, 29 Figure 93).  To the s outh, the contact is similar,  but is more gradationa l, 
specifically, the difference between the gamma-ray values of the strata above and 
below the contact is low (Figure 92, 95C).  (Note that the base of the casing is most  
often at the base of Interval 11 or within Intervals 8-10). 
Well and Outcrop Ties  
Two wells with Amstrat cutting data are used to tie the lithology to Interval 10. 
Well T ie 2 (Appendix A) shows  the correla tion between the Ohio 1 Ryan Cree k 
(Johnson 1979a) to the Federal RGU (this study).  These we lls are located in T1-2S 
R98W and are 0.35 mi /0.56 km apart (Figures 91, 94).  Cuttings indicate the lithology of 
Interval 10 consists of (1) medium to dark grey or green claysto ne or shale beds from 
100 to 150 feet thick, (2) calcareous medium  to dark grey or gr een claystone or shale 
beds that are approximately 30-50 feet thick, and (3) a 10-20 foot calcareous sandstone 
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bed.  Ostracods and fish fossils  were found  throughout the interval.  Notably, the base 
of the Interval is  noted as the C-marker and high resistivity values  is indic ated on the 
lithology log.  Interval 10 correlates to an “unnamed lacustrine member” of the Green 
River Formation and the tie indicates that it is early to middle Eocene in age.   
Well Tie 5 relates the lithology data from  the Oroco 1 Sulf er Creek (Johnson,  
1979b) to the Federal Ryan Gulch (this study).  These wells are located in T2S and T3S 
R97W, are 1.5 mi / 2.4 km apart, and in a lo cality of moderate thickness and lower net  
sandstone (Figures 91, 94).  Cuttings indic ate the lithology co nsists ofgreater than 200 
feet of variegated claystone or  shale.  Int erval 10 c orrelates to the mid Cow Ridge 
Member of the Green River Formation and the tie indicates that it is Eocene in age.   
Pertinent data from literature 
In the north-south regional cr oss sectio ns across the center of the basin, 
Johnson ( 1979b) int erprets the strata as deposited in a fluvial environment which 
interfingers with the lacust rine and paludal env ironment of an unnamed lacustrin e 
member of the lowermost Green River F ormation.  The fluvial s trata are correlated in 
this study as Interval 10 in Well T ie 5 described above. The fluvial strata are continuous 
as far south as T5S R98W and as far north as T3S 97W.   Farther north, the 
environment changes to lacustrine and/or paludal , as correlated in Well Tie 2 described 
above (Johnson, 1979a).  Finally, in the Fletc her Gulch outcrop location to the north, 
fluvial strata are present at T1N R100W and in well cuttings in T2N R99W  (Johnson, 
1979a).  
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Depositional Interpretation of Interval 10 
Interval 10 records a contraction during the middle of the fresh water phas e of 
Lake Uinta and surrounding structural movem ents by the sediment input location s 
(Figure 96).  The structural influences and t he sediment input locations are: (1) possibly 
the continuing c onnection betwe en the Uinta and Pic eance Ba sins over the Dougla s 
Creek Arch and/or sediments shed from the Douglas  Creek Arch (sediment input 1 on 
Figure 96); (2) the White River Uplift (sediment input 2 on Figure 96); and (3) a northern 
uplift  that acts a sill for the lake.   Six log f acies are present in Interval 10, t hree in the 
south and three in the north. The Upper DF S, Lower DFS, Well Dr ained Floodplain are 
in T6-7S (Figure 96).  The Upper DFS log facies boundary delineates areas with greater 
than 70 feet of net sandst one and is located in T 6-7S R93- 94W. Comparing the 
gamma-ray values of the Upper DFS log facies type log (Figure 16A) to the 
representative wireline log (Figure 95C) indicates both have dominantly low gamma-ray 
values (45-80 API), that are usually s harp based and 20-50 feet thick, and ar e 
interbedded with moderate gamma-ray value (90- 120 API). Note that  the representative 
log (Figure 95C) has a greater  proportion of low gam ma-ray values in the lower part of 
the interval and thes e sandstones are so mewhat amalgamated.  The log facie s 
assemblage includes a majority of Sm, St, Fs, and Fmv.  
Outside of the boundaries of the Upper DF S log facies and fo llowing the same 
trend, the Lower DF S is defi ned as having between 30 and 70 feet of net sandstone 
whereas the Well Drained Floodplain has less than 30 feet of net sandstone (Figure 96).  
The Lower DFS and Well Drained Floodplain are interpreted by  relative position to the 
Upper DFS and the decreased net sandstone values.  
Figure 96.  Depositional interpretation of Interval 10 superim-
posed on net sandstone map.   Shown are locations of Upper 
DFS, Lower DFS, and Well Drained Floodplain facies in the 
south; and Lacuatrine Delta, and Clastic Lacustrine Shoreline in 
the north.  Representative wells, and well lithology ties are also 
indicated.
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In T5S and to the north, the Clastic Lacus trine Shoreline, Shallow Lacustrine and 
Lacustrine Delta are present.  The Clastic Lacustrine Shore line is define d as h aving 
between 30 and 50 feet of net sandstone and is inter preted in two locations: (1) in an 
arcuate shape in T5S R95-97W and, (2) adjacent to the lacustrine delta from T1-3S 
R98W.  A comparision of the gamma-ray values of the Clastic Lacustrine Shoreline log 
facies type log (Figur e 16F) to the repres entative wireline logs (Figure 95A, 95D) 
indicates dominantly low gamma-ray values (45-80 API). 
The Lacustrine log facies boundary delineates areas with less than 30 feet of  net 
sandstone and is located in T2-5S R95-98W. A comparision of the gamma-ray values of 
the Lacustrine log facies type lo g (Figure 16I) to the Well Ties 5, 6, and 3 (Appendix A)  
indicate all have high gamma-ray values  (120-170 API) interbedded with low to 
moderate gamma-ray values (60- 80 API).  The log facies a ssemblage primarily Fmvf 
and St. 
The Lacustrine Delta log facies  is locate d in T1N-T1S R98W and is defined as  
having greater than 50 feet of net sandstone.   Comparison of the gamma-ray values of 
the Lacustrine Delta log facies  type log (Figure 16F) to We ll Tie 2 (Appendix A) and the 
representative wireline log (Figure 95A) in dicate all have dominantly low gamma-ray 
values (45-80 API) that are inter bedded with moderate gamma-ray value (90-120 API).  
The log facies includes interbedded Fmgf and St and C assemblages. 
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INTERVAL 11 
Interval 11 consists of interbedded of mudrock, limestone, and sandstone units of 
probable lacustrine origin.  The strata thi ckens to the northeast (Figure 97) and are 
sandstone- or carbonate-rich to the northwe st and t o the southwest, Interval 11 is  
sandstone rich (Figur e 98).  Note that this  interval is eroded al ong the Colorado Riv er 
and its tributaries and theref ore the wells in T6-8S R91-96W are spudded below the  
upper and/or lower contacts of Interval 11 and, therefore, the contact(s) were tied to the 
surface geological m ap in this area (Hail a nd Smith, 1997).  The strata are defined as 
the upper portion of the Cow Ridge Member  of the Green River For mation in the 
northern basin and as the Sh ire Member of the Green Riv er Formation to the sout h 
(Figures 23-25). 
Stratal Thickness Variations 
The thickness of Interval 11 varies bet ween 0 and 1200 feet (Figure 97).  There 
is an iso-thick trending north-northwest from T6S R96W to T1N R98W and an iso-thin in 
T4-5S R97-98W.  From the iso- thin to the iso-thick, the interval thickens from  
approximately 300 feet in T4-5S R98-99W to approximately 1000 feet in T1N R98W  
(Figure 97, 99).   To the north, the interval thickens west to east from approximately 800 
feet in T2S R 98W t o 1000 feet in T2S R96W (Figure 97).  Note that this interval is  
eroded along the Colorado River and its tributaries and therefore the wells in T6-8S 
R91-96W are spud below the upper  and/or lower contact of Interval 11.  T he contacts 
were tied to the surface geologic map (Hail and Smith, 1997) in this area. 
Net Sandstone Distribution 
 Interval 11 has m ultiple lithologie s (s uch as limestone, sandstone, and 
calcareous mudrock)  that may cause  low  gamma-ray  values.  Therefore, the feet of 
Figure 97.   Isopach Map of Interval 11.  A north-
northwest thickness trend exists from T6S R96W to 
T1N R98W.   Location of Figures 82, 99, and 100 are 
shown. 
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 gamma-ray values less than 80 API are summed, the resu lting net footage represents  
a composit e of the above lithologies.  Th ere are two areas w here strata with lo w 
gamma-ray values are present (Figure 98): (1) to the northwest (T1N-T3S R98W) where 
there is 150 and 350 feet, and (2) to the southwest (from T6S R96W to T5S R96W ) 
where there is between 100 and 350 feet of strata.   
Basal Log Contact 
The basal log contact of Interval 11 is similar throughout the basin.  The contact 
separates the underlying high gamma-ray values of the upper portion of Interval 10 from 
the overlying sharp based, lo w gamma-ra y values of Interv al 11 (Figures  99, 100A, 
100B).  There is a slight overall increase in the resistivity values as compared to the 
underlying strata (Wells 6, 18, 20, 22, 25-29 Figure 99; Fi gures 100A, 100B).  Becaus e 
the base of the casing is us ually at the lower contac t or deeper , resistivity curve wer e 
commonly not acquired in Interval 11 (Figure 99). 
Internal Log Characteristics 
  In general, Interval 11 consists of  strata with low gamma-ray values interbedded 
with high gamma-ray values (Figures 99, 100A, 100B).  Because this interval has high 
carbonate content, distinguishing sandst one, carbonaceous mudrock, and limestone 
with the gamma-ray log can be difficult.  Where the strata are thicker (Wells 1-23, Figure 
99), the interval can be subdiv ided into four major units (as shown by gr een lines on 
Figure 99 and 100A)  based on laterally c ontinuity.  In general,  the lower three unit s 
show a gradual upward decr ease, and then an increas e of  gamma-ray values (Figure 
100A).  At the base of each unit, the strata have low gamma -ray values (20-30 API) of 
approximately 100-200 feet thickness (depths 2650-2750, 2430- 2580, and 2200-2400 
on Figure 100A) and the units are divided by higher gamma values (90-120 API) of 
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 approximately 20-50 feet  thickness.  To the south, where Interval 12 thins (Wells 24-
30, Figure 99), the low gamma-ray values units are thinly bedded (Figure 100B).     
Upper Log Contact  
The upper  log contact of Interval 11 is gradational.  In general, the contact 
separates the underlying strata  with low gamma-ray values  of  Interval 1 1 from the 
overlying higher gamma-ray (Figure 99, 100B) of  Interval 12.  In s ome areas, however,  
the overlying strata also have low gamma-ra y values (Wells 10- 15, Figure 99; Figure 
100A).  
Well and Outcrop Ties  
Amstrat cuttings data from two wells and the southern outcrop are used to tie the 
lithology, environments of de position, nomenclature, and age des ignation to the 
correlations of Interval 11.  Well Tie 2 (A ppendix A) relates the li thology data from the 
Ohio 1 Ryan Creek (Johnson, 1979a) to the Federal RGU 311-2-298 (this study). These 
wells are located in T1-2S R98W and are 0.35 mi / 0.56 km apart (Figures 97, 98;  
Appendix A).  Cuttings indic ate that Interval  11 cons ists of interbedded: (1) calcareous 
siltstone units ranging from 20 to 150 feet and containing ostracods; (2) light to medium 
grey or green calcareous cla ystone or shale units ranging from  25 to 150 feet thick with 
ostracods; and (3) medium to dark grey or green claystone or shale units ranging from 
25 to 50 feet thick with ostracods and fis h fossils.  T he B marker  bed (a driller’s term, 
see Pertinent Data from Literature below)  is at the base of the interval and is a 
calcareous claystone or shale beds.  Interval  11 correlates to the upper portion of an 
“unnamed lacustrine member” of the Green River Formation and the tie indicates that it 
is early to middle Eocene in age.   
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 Well Tie 5 (Appendix A) shows the corre lation from the Oroc o 1 Sulfer Cr eek 
(Johnson, 1979b) to the Federal Ryan Gulch (thi s study).  These wells are located in 
T2S and T 3S R97W and are 1. 5 mi / 2.4 km  apart (Figures 97, 98).  The cuttings  
consists of: (1) medium to dark grey or gr een claystone or shale beds ranging from 75 
to 150 feet thick with ostracods, gastropods , and fish fossils along with minor traces of 
coal; (2) limestone beds ranging from 25 to 50 feet thick with ostracods and gastropods; 
and (3) few sandstone beds, some being calcareous, ranging from 10 to 25 feet.  In well 
Tie 5, the C Marker (a driller’s t erm, see Pert inent Data from Literature below) is at th e 
top of the basal limestone bed and the B Marker is at the top of a mid-interval limestone 
bed.  Interval 11 cor relates to the upper Cow Ridge Member  of the Green River  
Formation and the tie indicates that it is Eocene in age.   
Outcrop Tie B (Appendix A) exemplifies t he spatial relationships found in the 
southwestern outcrop.  Erhardt (2005) describes a lar ge scale interval (her Interval 7, 
the Cow Ridge Member) consisting of ooi d and shoreline deposit s and lacustrine 
deposition with limited s patial dis tribution.  This outcr op is 230 ft / 70 m thi ck and is  
constrained laterally to the middle third of the outcrop section (T9S R98W to T8S 
R99W).  
Pertinent data from literature 
From well ties, Interv al 11 is equivalent to the upper-most porti on of the Cow 
Ridge Member of the Green River Formation in the northern basin .  Johnson (1985) 
states these marginal lacustri ne sediments  are from an init ial fresh water interval of 
Lake Uinta deposition.  T he siltstone and sandst one beds  are commonly ripple-
laminated, fairly persistent laterally, and  co mmonly fossiliferous.   The  limestone units  
contain abundant ostracods and mollasks (of fresh water origin)  and only rarely contain 
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stromatolite structures (Johnson, 1984).  Fauna re mains include fish, turtles, crocodiles,  
and flamingos.  The entire mem ber is defined by the pres ence of ostracods (Johnson,  
personal c ommunication, 2010) and is underlain and overlain by  fl uvial se quences of 
the Wasatch Formation except in  the northwest corne r of the basin where it is directly 
overlain by the Garden Gulch Member of  the Green River Formation (Johnson, 1984).  
Additionally, Erhardt (2005) des cribes t he Cow Rid ge Member of the Green River  
Formation within the Shire Member of t he Wasatch Formation and is des cribed i n 
Outcrop Tie B above. 
 Johnson (1985) states that kerogen-rich clay shales were deposited in offshore 
lacustrine areas during the fresh water interval.  Some of the clay shales contain 
enough kerogen to be considered low grade oil shale.  These beds can be traced in the 
subsurface and are given the informal names “B Marker” and “C Marker” (see Well Ties 
1, 2, 4, and 5).  The area of shale deposition is to the west of the subsidence center for 
the basin (parallel to the White River Uplift) and is approximately the same as the later 
stages of the lake.  The depocenter was pushed westward by the abundance of clastics 
derived from the White River Uplift.   
Depositional Interpretation of Interval 11 
Interval 11 records the final fresh water phase of Lake Uinta (Figure 101).  The 
Lacustrine Log facies is the only log facies is interpreted in Interval 11.   Note that the 
higher net sandstone values can be a result of limestone, sandstone, or calcareous 
mudrock. Comparing the gamma-ray values of the Lacustrine log facies type log (Figure 
16I) to Well Ties 2, 3, 5, and 6 (Appendix A) and the representative wireline log (Figure  
 
Figure 101.  Depositional interpretation of Interval 11 
superimposed on net sandstone map.   Interval 11 is 
entirely lacustrine facies. Representative wells and well 
lithology ties locations  are  indicated. 
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100A, 100B) indicates that Interval 11 in all the wells have low gamma-ray values (45-
80 API) interbedded with moderate gamma-ray values (90-120 API). The log facies 
assemblage includes St, L, and Fmgf. 
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INTERVAL 12 
Interval 12 is the uppermost interval of the Wasatch Formation as defined in this 
study and is present in the cent ral to nort hern part of the basin.  It is composed of 
mostly fluvial strata. Note that this inte rval is eroded along the Colorado River and its  
tributaries and therefore t he wells in T6-8S R91-96W are spudded below the upper 
and/or lower contacts of Interval 12 and,  t herefore, the contact(s) were tied to the 
surface geological map in this  area (Hail and Smit h, 1997).  As c ompared to outcrop in 
this study, Interval 12 is equivalent to the Tongue of the Wasatch Formation as mapped 
in the northern and western basin (Hail, 1994).  
Stratal Thickness Variations 
 Interval 12 is relatively thin in com parison to the other inte rvals, with thickness 
varying between 25 and 250 feet (Figures 102, 103), but mostly  is 50 to 125 feet thick  
(Figure 102, 103; Wells 1-6 Figure 104).  Two areas with iso-thicks are: (1) in the 
southeast (T6S R96- 97S) with thicknesse s between 150 and 250 feet (Figure 102; 
Wells 7-11, Figure 104); and (2) in the southwest (from T4-5S R96W to T5S R97W) with 
thicknesses between 50 and 225 feet.   
Net Sandstone Distribution 
 There is one areas with greater amount of sandstone (Figure 105).  The greatest 
amount of net sandstone in Interval 12 is located in T5S R96W and has between 30 and 
70 feet of sandstone (Wells 7- 11, Figure 104; Figure 105).  Mo st of the Interval 12 has 
less than 30 feet of net sandstone (Figure 105).  
Basal Log Contact 
The basal log contact of Interval 12 is gradational, and generally sepa rates 
overlying thin sandstone units above from the underlying low gamma-ray values of 
Figure 102.  Isopach Map of Interval 12. 
There are two areas containing iso-thicks: (1) 
T6S R96-97S; and (2) from T4-5S R96W to 
T5S R98W.  Location of Figures 103,104, 
and 106 are shown. 
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Figure 103. Gamma-ray and resistivity cross section illustrating Interval 12: (A) structural cross section with Interval 12 highlighted, 
and (B)  stratigraphic cross section flattened on the top of Interval 12.  The base of Interval 12 is a gradational contact whereas the top 
is at the base of a high gamma-ray interval defined by Johnson (1984) as the Long Point Bed.  Location of cross section is shown in 
Figures 102 and 105.  
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Figure 104. Gamma-ray and resistivity cross section illustrating Interval 12: (A) structural cross section with Interval 12 highlighted, 
and (B)  stratigraphic cross section flattened on the top of Interval 12.  The base of Interval 12 is a gradational contact whereas the top 
is at the base of a high gamma-ray interval defined by Johnson (1984) as the Long Point Bed.  Note the higher sandstone content of 
the eastern wells.  Location of cross section is shown in Figures 102 and 105.     
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 Interval 11 (Figures 106A, 106B ).  In some areas, the basal contact is an overlain by a 
high gamma-ray unit approximately 10-20 feet thick (Wells 12-20, Figure 103).  
Internal Log Characteristics 
  Interval 12 generally consists of  multiple sharp-based, thinly bedded sandstone 
units exhibiting low gamma-ra y values interbedded wit h mudrock with high gamma-ray 
values (Figure 106A, 106B).  The low gam ma-ray units are approximately 10 to 30 feet 
thick; to the southeast, some are amalga mated in t he higher net sandst one region  
(Wells 7-11, Figure 104). 
Upper Contact   
The upper  contact is  consistent  across the Pic eance Bas in.  In general,  the 
contact separates underlying strata with a lower gamma-ray values from overlying strata 
with higher gamma-ray values (Figures 10 3, 104).  The contac t can be gradational 
where the underlying strata has only slightly lower gamma-ray values than the overlying 
strata (Wells 7-15, Figure 103; Figures 106A, 106B ) 
Well and Outcrop Ties  
Amstrat cuttings from two wells  are used to tie the lithology, environments of  
deposition, nomenclature, and age des ignation to the correlations.  Well T ie 2 
(Appendix A) relates the lithology data from the Ohio 1 Ryan Creek (Johnson, 1979a) to 
the Federal RGU 311-2-298 (thi s study). These wells  are located in T1-2S R98W and 
are 0.35 mi / 0.56 km apart (Figures 102, 105; Appendix A).  Cuttings indicate Interva l 
12 consists of: (1) calcareous sandstones that are 10 to 30 feet thick; and (2) variegated 
claystone or shale that are 20 to 40 feet thick and contain ostracods.  T his unit is  
defined as the uppermost portion of an “unnamed lacustrine member” of the Green  
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River Formation and the tie indicates that it is early to middle Eocene.   
Well Tie 5 (Appendix A) shows the correl ation from the Oroc o 1 Sulfer Cree k 
(Johnson, 1979b) to the Federal Ryan Gulch (thi s study).  These wells are located in 
T2S and T 3S R97W and are 1. 5 mi / 2.4 km  apart (Figures 102, 105).  The cuttings  
consists of: (1) calcareous sandstones that ar e 10 to 40 feet thick; (2) light to medium  
grey claystone or shale that are 20 to 30 f eet thick that contain ostracods; and (3) a 
minor limestone bed that are 5-10 feet thick.  Interval 12 correlates to the uppermost 
Cow Ridge Member of the Green River Formation and the tie indicates that it is Eocene 
in age in this position of the basin.   
Pertinent data from literature 
 Hail and Smith (1994) defined the Tongue  of the Wasatch Formation on the 
Geologic Map of the Northern Pa rt of the Piceance Basin, Northwest Colo rado.  This  
unit separates the Cow Ridge Member of the Green Riv er Formation from  
stratigraphically higher Green River Formation me mbers.  It is co mposed of mostly 
claystone, shale, and sandstone.  The claystone and shale are light to medium grey and 
varicolored.  The sandstone is light and dark grey and brown, fine to  coarse grained or 
locally conglomeratic, and the s andstones are abundantly chan nelized wit h few thin 
beds of lacustrine ostracodal sandstone.  These beds become increasing lacustrine and 
merge with the Cow Ridge Member to the s outh; in the northwest outcrop along the 
White River in the Div ide Creek quadrangle, the beds merge with the main body of the 
Wasatch Formation (see Outcrop Tie B, Appendix A).  
 On the Geologic Map of the Southern Part of the Piceance Basin, Northwest 
Colorado, Hail and Smith (1997) describe the Tongue of the Wasatch Formation as 
210 
 
varicolored red, purple, mar oon, gray, and grayish yellow claystone and mudstone with 
some fine- to coarse- grained flat bedded and cross-bedded to massive, persistent to 
lenticular sandstone beds.   
Depositional Interpretation of Interval 12  
Interval 12 represents a fluvial filli ng of the basin.   Th ree log facies are 
interpreted in Interval 12: the U pper DFS,  Lower DFS, and Well Dr ained Floodplain.   
The Upper DFS log facies is defined by areas with greater than 50 feet of net sandstone 
and is located in T5S R96W (F igure 107).  The Upper DFS log facies is interpreted by  
relative position to the Lower DFS and th e net sandstone values . The Lower DF S is 
located outside of the boundaries  of the Upper DFS log facies and trends nor thwest in 
T4-6S R96-98W (Figure 107).  The Lower DF S is defined as having between 10 and 50 
feet of net sandstone.  Com paring the gamma-ray values of the Lower DFS log facie s 
type log (Figure 16B) t o the representative wi reline log (Figure 106A, 106B) indicate a ll 
the logs have dom inantly moderate gamma-ray values  (90-120 API ) that are 
interbedded with low gamma-ray value ( 45-80 API ).  The log facies assemblage 
includes a minor of Sm, St, Fs, and Fmv.  Surrounding the Lower DFS, the Well Drained 
Floodplain has less than 10 feet of net sandstone and is interpreted by relative position 
to the Lower DFS.  
  
 Figure 107.  Depositional interpretation of 
Interval 12 superimposed on net sandstone 
map.   Locations of Upper and Lower Distribu-
tary Fluvial System facies, Well  Drained 
Floodplain facies, representative wells, well 
lithology ties, and referred outcrop descriptions 
are shown. 
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DISCUSSION 
  The general stratigraphic evolution of the Wasatch Formation can be seen when 
the log facies maps for all the intervals ar e view together (Figure 108).  These maps are 
accurate only if the t welve intervals are ap proximately chronostratigraphic.  With more 
detailed correlation within the in tervals, further refinement may be poss ible.  Howev er, 
the general depositional patterns shown in t his study indicate changes in the locations 
of sediment input in the Piceance Basin from  the Paleocene through the early Eocene.  
In general,  Intervals 1 through 6 are associat ed with Distributar y Fluvial Systems and 
related sediments where input points into the bas in changed through time.  Intervals 7 
through 11 were deposited in lakes and related settings.   
 The initial structure of  the Paleocene intermontane ba sin can be deduced from 
the regional net sandstone trends and c ross sections.  The Douglas Creek Arch,  
Uncompahgre Plateau, Sawatc h Range, Divide Creek Anticl ine, and like ly the White 
River Uplift were uplift during the initial p hase of Laramide deformation.  These uplifts 
appear to have differential movement during the deposition of the Wasatch Formation. 
The initial deposition of  the Wasatch Formation (Inter val 1) was localized in the 
topographically lowest area in the southeastern portion of the basin, and adjacent to the 
initial Laramide uplifts (Figure 108A).  The interval thins over the Divide Creek Antic line, 
indicating that this anticlin e had topographic expre ssion, but did  not completely inhib it 
deposition.  Interval 1 is interpreted to be a portion of a large distributary fluvial system  
with sediment input t o the sout h from the Sawatch Range (Figure 108A).   The fluvial 
system deposited discontinuous sandstone beds containing andesitic clasts, having  
  
Figure 108.  Interpreted lithofacies maps 
superimposed on net sandstone maps.   
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Figure 108.  Interpreted lithofacies maps 
superimposed on net sandstone maps.   
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characteristically h igh resistivity values wh ich may or may not be related to the clasts,  
and are interbedded with mudrock.   
Interval 2 is not present at the outcrops  to the northwest or west nor on the 
eastern flank of the Divide Creek antic line. This s uggests that an axial basin lik ely 
formed confining deposition betw een the Divide Creek  Anticline and White River Uplift  
to the east, and the Douglas Creek Arch to t he west (Figure 108B).  The interpreted log 
facies indicate deposition in: (1) Lower Dist ributary Fluvial System , with sediment input 
from the Sawatch Range to t he south (sediment input 1 on  Figure 108B) and from the 
Douglas Creek Arch to the west (sedim ent input 2 and 3 on Figure 108B); and (2) the 
adjacent Well Drained Floodpl ain.  The strata deposited are dominantly continent al 
mudrock, with characteristically low resistivity values, interbedded with sandstone. 
Structurally, the Douglas Creek Arch, t he Divide Creek Anticline and poss ibly the 
White Riv er Uplift remained as  positiv e feat ures during the deposit ion of Interval 3 
(Figure 108C).  The Douglas  Creek Arch supplied  sedim ent to the central basin  
(sediment input 1 and 2 on Figure 108C), whereas the sediment input from the southern 
uplifts changed location (sediment input 3 on Figure 108C). The log facies interpreted to 
have been deposited are t he Lower Distributary Fluvial S ystem (Lower DF S), the Well 
Drained F loodplain log facies, and the Poorly Drained Floodplain log facies (Figure 
108C).  T hese log fac ies predominately  consist primarily of mudr ock with interbedded 
sandstone units. 
Interval 4 represents the possible conti nued uplift of the Douglas Creek Arch, 
causing the exposure of the upper part of  the Upper Cretaceous Mesaverde Formation. 
More sediment was supplied to the central portion of the basin (sediment input numbers 
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1, 2, and 3 on Figur e 108D).  Sediment continued t o be supplied from the southern 
(sediment input number 4 on Fi gure 108D).  The  facies de posited as a r esult of the 
western uplift is the Upper Distributar y Fluvial Sy stem (Upper DFS), and were 
surrounded by the Lower Distributary Fluvial System (Lower DFS) and the Well Drained 
Floodplain log fac ies (Figur e 108D).  Thes e fluvial sy stems deposited sandstone-ric h 
strata that are interbedded with mudrock.   
 There is a marked change in deposition between Intervals 4 and 5.  Interval 5 is  
primarily mudrock, thinner than I nterval 4, and was subaerially exposed comprising well 
drained floodplain log facies to the southeas t.  To the north and southwest, the basin 
was partially submerged or subaerially expos ed comprising a well or poorly drained 
floodplain (Figure 108E).  This change in the log facies can be ascribed to a number of 
possible processes: (a) the basin was reaching a point of little accommodation with little 
sediment influx into the bas in and the basin infilling wa s probably nearing c ompletion; 
(b) possibly there was a change in the climate which caused an increase in precipitation 
and thus a higher groundwater t able; and/or, (c) development of an axial fluvial system  
that resulted in sediment by-pass in the basin. 
 The fluv ial systems of Interval 6 deposited sandst one-rich st rata that are 
interbedded with mudrock outside of the Axial System Log facies.  During deposition of  
Interval 6, Axial Sys tems developed in the basin.  Two major sandstone units are 
present, each depos ited in response to c ontinued uplift of surr ounding structural 
features.  The Lower  Sandstone (Figure 108F) is present to the north and central 
portion of the basin.  Depos ition of the Lower Sandstone wa s probably in response to 
re-activation of the Douglas Creek Ar ch and cont inued erosion of the exp osed 
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Mesaverde Group (sediment inputs number 1,  2, and 3 on Figu re 108F).  The Whit e 
River Uplift had topographic expr ession and constrained the fluvial system to north.  A 
northern syncline, most likely the Red Wash Syncline, created accommodation allowing 
deposition of finer grained material in an east-west trend (Figure 59).  
The Upper  Sandstone of Interval 6 was deposited in the southern Piceance 
Basin (Figure 108G) in  a wide, braided system trended northeast, probably in response 
to activation of the U ncompahgre Plateau (sedi ment input number 1 on Figure 108G).  
As the gradient decreased to the north, a narrower, slower  moving fluvial environment  
formed where the system veered more to the north in the central basin.  The change of 
direction was due to the paleo-h igh that was forming from t he continuing rise of the 
White River Uplift to the northeast.  Sediment s were also delivered from the southeast 
(sediment input number 2, Figure 108G). To the northwest, a connection between the 
Uinta and Piceance Basins possibly developed as indicated by sediment input number 3 
(Figure 108G).   
 Interval 7 is different than the underlying In terval 6 as it is thinner and cons ists of 
grey to greenish grey mudrock or variegated mudrock in which Well Drained and Poorly 
Drained Floodplains are interpreted (Figure 108 H).  Similar to Interval 5, the sediments 
of Interval 7 indicate f our possible scenarios:  (a) the basin was r eaching a point of little 
accommodation with little sedim ent influx into the basin and the basin inf illing was  
probably nearing completion; (b) possibly  there was a change in the climate which 
caused higher precipitation ra te and thus a higher groundwat er table; (c) development 
of an axial fluvial system that resulted in s ediment by-pass in the basin; and/or (d) the 
White River Uplift continued to rise, a northern high began t o form, and thus, the 
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drainage s ystems began to pond and creat ed a submerged northern basin and a 
subaerially exposed southern basin.   
 Intervals 8-11 represent a change in the depositional system s of the Piceance 
Basin with the development of La ke Uinta.  Spec ifically, the intervals were deposited in 
three phases of an evolving fresh water lake : (a) initial (Interva l 8 and 9); (b) middle 
(Interval 10); and, (c) late (Interval 11).  The three phases repr esent the vertical 
evolution where there is a change from an over-filled lake during Interval 8 to a balance-
filled lake during Interval 11.  Interval 8 records the initial development of the fresh water 
lake (Figure 108I).  The surrounding structural  movements are inferred by the sediment 
input loc ations.  In the outcrop to the southwest, discontinuous braided fluv ial 
sandstones are inter bedded with mudrock and have a northeastern paleoflow.  
Possibly, an upper  fluvial distributary system was pres ent that drained the 
Uncompahgre Uplift became unconfined,  lost  ener gy due to flow expansion, and 
deposited sediment (sediment i nput 1 on Figure 108I). Fart her north (in T 7-8S), the 
distributary fluvial syst em probably debouched into  Lake Uinta as a lacustrine delta.  A 
similar scenario is pr esent in T 8-9S R92- 93W with sediments s hed poss ibly from the 
Divide Creek Anticline or another southern high (sediment input 2 on Figure 108I) and in 
T6S R93-95W  and T2S R108 W with sediments shed from  the White River Up lift 
(sediment input 3 and 4, respec tively on Figure 108l).  Upli ft of the White River caused 
continued flexure in t he basin, creating a t opographic low in t he eastern basin.  A 
northern uplift must have been f ormed to act as a sill for the fresh water lak e.  Fluv ial 
sediment transport from the Douglas Creek  Arch into the northwestern portion of the 
basin formed a lacustrine delt a (sediment  input 5 on F igure108I).  T o the east , 
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increased accommodation allow ed deeper water and f ine grained lacustrine sediments  
to be depo sited.  The  lake of Interval 8 was likely an  overfilled (Bohacs et al. 2000;  
Figure 17)  bas ed on the pr esence of ostracods, indicating f resh water , and the 
interbedded lacustrine mudro cks and deltaic sandstones and s iltstones.  The supply of  
sediment and water was great er than the amount of acco mmodation (Bohacs,et al., 
2000).  
The strata of Interval 9 were deposited in fresh water as Lake Uinta transgressed 
to the south (Figure 108J).  The lacustrine ex pansion is recorded by the thin medium to 
dark gray or green calcareous mudrock that is present throughout most of the basin.     
Interval 10 records the middle of the fresh water phase of Lak e Uinta (Figure 
108K).   As the White River Uplift and the adjacent Red Wash Syncline c ontinued to 
form to the east and north, respectively, greater accommodation allowed the fresh water 
lacustrine environment to deepen.  Finer gr ained s ediments were deposited in the 
deeper portions of the lake, while coarser gr ained shoreline and deltaic sediments were 
deposited around the edges of the lake.  T he coarser grained sediments to the 
northwest were probably shed fr om the Dougl as Creek Arch (sediment input number 1 
on Figure108K), whereas the se diments to the southeast were probably shed from the 
White River Uplift (sediment input number 2 on Figure 108K).  
 Interval 11 records the final stage of deposition in fresh water phase of L ake 
Uinta.  The log facies present in the interval are lacustrine and the amount of calcareous 
strata increase to the northwest (Figure 108L).  The presenc e of carbonate strata 
indicates that the supply of sediment and water is equal to accommodation and that this 
was a ba lance filled lake (Boha cs et al., 2000).  Accommodation continue d to increa se 
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asymmetrically caused by continued flexure of  the basin related to uplift of the White 
River Uplift to the east and an uplift to the north.  The uplift of the northern structure had 
the effect of raising the spil l level of the lake.  Thus, a constant supply of water being 
ponded by  a higher spill level caused a change the lake type. In addition,with the 
increase in the deposition of carbonate strata, the influx of clastic material decreased.   
 Interval 12 represents the final sediment fill of the ba sin before the lacustrine  
Long Point transgression of the Green River Formation.  The strata are an upper tongue 
of the Was atch Formation and c onsist of in terbedded mudrock with fluvial s andstones.  
The fluvial sediments are probab ly sourced from the White River Uplift (sediment input  
number 1 on Figure 108M). 
SEQUENCE STRATIGRAPHIC INTERPRETATION 
 The Wasatch Formation is s ubject to cyclic  sedimentation that can be defined in 
a sequence stratigraphic manner.  The interpretation is depicted on Figure 109 with the 
cross section loc ation on F igure 110.  T he composite fluvial sequence model by  Mial l 
(1996) is used as  a guide (Figur e 109A).  The definition of Lows tand Sequence Tract 
(LST), Trangressive Systems Tract (TST),  or Highstand Systems Tract (H ST) depends 
on a balance of subsidence, bas e level changes, and sediment supply (Miall, 1996).  In 
the continental strata, a LST overlies a sequence boundar y and underlies the firs t 
widespread transgressive surface, maybe la terally limited and/or occupy  an inc ised 
valley, and has a higher net:gross sandst one content where the sandstone bodie s 
maybe amalgamated.  A TST has more isolated channel bodies encased in floodplain  
 
Figure 109. Sequence Stratigraphic Interpretation.  This interpretation follows Miall’s (1996) model for Fluvial Sequence Stratigraphy (A). There 
are two sequences with the sequence boundaries (SB) at 1) the base of the Wasatch Formation, and 2) at the base of  Interval 6 in the northern 
basin and at the base of the upper sandstone within Interval 6 in the southern basin.  The Lowstand Systems Tracks (LST) are intervals with a 
higher sandstone content (Intervals 1 and 6-8) whereas the Transgressive Systems Track (TST) are intervals with more isolated channel bodies 
encased in floodplain fines (Intervals 2 and 3) or are lacustrine intervals that are between the first widespread transgressive surface and a maxi-
mum flooding surface (Intervals 9,10, and 11).  The Highstand Systems Track (HST) have an increase in channel systems as base level rise slows 
down with continued sediment supply (Interval 4).  Pertinent interval numbers are shown in brown.
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fines that are between the first widespre ad transgressive surface and a maximum 
flooding surface.  A HST is indic ated by an  increase of channel bodies (if the sediment  
supply is c onstant) as the base level ris e slows down and the rate of accom modation 
decreases to a minimum. 
Two depositional sequences are recognized:  sequence 1 (Intervals 1 through 5) 
and sequence 2 (Intervals 6-12) (Figure 109) .  The oldest sequence boundary is th e 
unconformity present at the base of the Wasatch.  Interval 1 is interpreted as the LST  
because it is sandstone rich and lies bet ween a basal s equence boundary and the first 
wide-spread transgressive surface defined as  the inc rease in m udrock at the base of  
Interval 2.  Intervals 2 and 3 are then defi ned as a TST, because they contain mor e 
isolated channel bodies encased in fine grained se diment.  Interval 4 is interpreted as a 
HST because it contains increas ed amount of  channel bodies that could represent the 
slowing of  base lev el rise (ie. the inf illing of the basin) and a decreased rate of 
accommodation with the sediment supply held constant. 
The second sequenc e begins in the Wasatc h Formation in Interval 6.  The 
sequence boundary is at the base of  the lower sandst one of Inte rval 6 (in t he north) or 
the upper sandstone (in the s outh) in whic h fluvial ch annels are documented atop an  
erosive surface.  The difference in the defi nition is  interpreted as differing rates of 
response from the north to the south basin  to a change in subsidenc e of the basin 
and/or a change in s ediment supply between the localities.  The top of Interval 6 in the  
south and the bas al sandstone in the north are amalgamated sandstone units.  Interval 
8 is also sandstone rich, being fluvial in the south and lacustrine in the north.  These two 
intervals make up the second LST in the Wasa tch formation.  Interval 9 is the first  
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widespread transgression in the sequence and Intervals 10 and 11 are interpreted as a 
TST.  The HST is above the Long Point Bed – the maximum flooding s urface that 
separates the Wasatch Formation from the Green River Formation in this study.  
IMPLICATIONS  
An important result of this study is  the recognition of different sandstone 
reservoirs in the Wasatch Formation. T he natural gas reservoir in the Wasatch 
Formation has historically been defined as a sandstone-prone unit in mid-formation and 
is referred to as the “G Sandstone” in the subsurface and the Molina Member in outcrop 
(Figures 23-25).  There are four general lo calities in which the sandstone has bee n 
previously defined (F igure 8): (1) the Molina Member at t he southeastern outcrop; (2) 
the productive G Sandstone at Sulphur Creek Field in the northern basin; (3) the 
productive G Sandstone at Rulis on and Parachut e F ields in the c entral bas in; and (4)  
the Molina Member at the southwestern outcrop.  This study  has correlated the 
sandstone prone units into four differing stratigraphic positions. 
The Molina Member of the Wasatch Formation exposed in outcrop to the 
southeast is coeval to the high net sandst one Interval 4 of this study.  The facies  
interpretation of Interval 4 (Figure 54) sug gests that the Molina Member described o n 
the Silt Quadrangle is  part of a Distributary Fluvial Sys tem with sediment input from the 
east or south.  The Distributar y Fluvial Sy stem of Interval 4 is stratigraphically lo wer 
than the productive G sandstone in Sulphur  Creek Field, the productive G sandstone in 
Rulison and Parachute Fields, and the Molina Member in the sout hwest outcrops.  The 
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interpretation of this study agrees with Johnson and Flores (2003) and Lorenz and 
Nadon (2002) assessment of the Molina Member at the southeast outcrop. 
The productive G Sandstone at Sulphur Cr eek Field is  coeval to the Lower  
Sandstone of Interval 6 of this study.  The interpretation of  the Lower Sandstone 
indicates that the productive G Sandstone is an Axial System  that is sourced from the 
Douglas Creek Arch and constr ained in a north-south directi on (Figure 70).  The Axial 
System of Lower Sandstone of Interval 6 is stratigraphically higher than the Molina 
Member in the southeast outcrop, but lower than the producti ve G sandstone in Rulison 
and Parachute Fields, and the Molina Member in the southwest outcrops. 
The productive G Sandstone at Rulison and Parachute Fields,  and the basal 
sandstone of the Molina Member  at the southwest outcrop, are coeval to t he Upper 
Sandstone of Interval 6 of this  study (F igure 71).  The interpretation of the Upper 
Sandstone indicates t hat the productive G Sandstone in Rulison and Parac hute Fields 
and the basal sandst one of the Molina Member are part of an Axial System. The Axial 
System was probably  deposited in response to  activation of the Uncompahgr e Plateau 
to the southwest where the basal sandstone of the Molina Member  was less confined 
then G Sandstone. The Axial System of the Upper Sand stone of Interval 6 is 
stratigraphically higher than the Molina Member in the southeast outcrop, but lower than 
the upper part of the Molina Member in the southwest outcrops. 
The upper portion of the Molina Member at the southwest outcrop is coeval to the 
Interval 8 sandstones found in the southwes tern subsurface of this study.  The  
interpretation of the s outhwestern outcrop s andstones of Interval 8 indicates an Upper  
Distributary Fluvial System (Figure 84). The deposition of the Upper Distribut ary Fluvial 
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System was probably in response to the continued erosion of the Uncompahgre Plateau 
to the southwest.  The sandstones found in the southwestern subsurface are dep osited 
in respons e to encroaching  fresh water of  Lake Uinta from the north creating a 
lacustrine delta.  The Upper Distributary Fluvial Sys tem and the Lacustrine De lta of 
Interval 8 are the stratigraphically highest of the sandstone-rich units. 
CONCLUSIONS 
 The Wasatch Formation was  deposited in the Pic eance Ba sin during the 
Paleocene to early Eocene. Th is formation is more than 5500 feet thick and is entirely  
continental origin.   
(1) Twelve intervals were defined based on the correlation of 2100 wireline logs.  
These twelve intervals are approximately chronostratigraphic units based on the 
law of superposition and limited biostratigraphic data. 
(2)  Two main depositional settings  were recognized: Distribut ary Fluvial Sys tems 
(DFS) and Lacustrine.  Within the deposit ional systems, nine log facies were 
interpreted based on the interpretation of wireline logs, cuttings data, and outcrop 
ties.  
(3) Within the Distributary Fluv ial Systems (DFS) depositional setting, five log f acies 
assemblages were defined: Upper DFS;  Lower DF S; Well Drained F loodplain; 
Poorly Drained Floodplain; and Axial Systems. 
(4) Within the Lacustrine depositional s etting, four log f acies assemblages were 
defined: Lacustrine Delta; Clastic Lacustr ine Shoreline; Shal low Lacustrine; and 
Deep Lacustrine. 
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(5) Intervals 1-6 were deposited in a series  of Distributary Fluv ial Systems in wh ich 
sediment input was generally from the south and east.  The locations of sediment 
input changed in different intervals. 
(6) Intervals 7-12 were deposited in a lacustrine depositional setting in which Interval 
8 is interpr eted to have been deposited in an ov er-filled lake and Interval 11 is  
interpreted to be deposited in a balance-filled lake. 
(7) The Wasatch Formation produc es natural gas from ten fields in the Piceance 
Basin.  The correlations in dicate that the reservoirs  are found in two d ifferent 
units: the Lower and Upper Sandstones of Interval 6.  
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Appendix A: Well and Outcrop Tie 
Reference Map for well and outcrop ties.  See Table 1 for specific location and reference of 
where data was obtained. 
18 mi
Approximate location of measured section. A
4
4 Approximate location of boreholes with Amstrat cutting data.
1
2
3
5
6
7 8
910
B
A
11
12
Limit of 
subsurface study
29 km
C
Map 
Reference 
Number
API Qtr / Qtr Location Section(s) Township Range Name Reference
1 005103052590000 SWNWSW 25 1N 99W General Petroleum 26-25 Johnson (1979a)
2 005103052120000 CSESE 34 1S 98W 1 Ryan Creek Johnson (1979a)
3 005103051850000 SESWSE 11 2S 97W Mobil Oil 68-11 Johnson (1979c)
4 005103051430000 NWSW 24 2S 98W Equity Oil 1 Sulfer Creek Govt Johnson (1989) and Johnson (1979b)
5 005103050920000 CNWNW 5 3S 97W Oroco 1 Sulfer Creek Johnson (1979b)
6 005045052010000 SWNW 13 5S 98W 1-12-13 Pacific Johnson (1979b)
7 005045052040000 9 7S 93W 1 Alfill Skonberg Johnson et al (1979b)
8 005045050640000 12 7S 93W 1 Shaeffer Johnson et al (1979b)
9 005077051500000 22 8S 92W 1 Hells Gulch Johnson et al (1979c)
10 005077051550000 15 8S 96W 1 Kennon Johnson et al (1979b)
11 18 6S 94W DOE 1-M-18 Lorenz et al (1996)
12 SWNE 33 6S 92W Moore 33-10A Encana Oil & Gas (USA)
Table Referencing Cores and Wells With Amstrat Cuttings
Appendix A.     Wasatch Formation Lithology Key from Johnson (1979a – c) and 
Johnson et al (1979a – c)
Gray, maroon, and purple banded claystone and silty claystone 
containing sparse non--persistent silty and clayey sandstone units 
as much as about 10 m thick.
Gray, medium-, to coarse-grained poorly sorted conglomeratic 
sandstone interlayered with variegated mudstone.  Sandstone units 
are horizontal and trough laminated with troughs as much as about 
1 m high.  Pebbles mostly consist of dark-gray igneous rocks as 
much as 10 cm in diameter and comprise as much as 20 percent of 
sandstone units.
Fine-, to coarse-grained moderately well sorted locally conglomer-
atic; interlayered with massive gray, purple, and maroon mudstone.  
Sandstone units are as about 25 m high, are fairly persistent sheet-
like bodies, and are mostly parallel, nearly horizontal laminated.  No 
large scale lateral accretion units were observed.  Pebbles are 
mostly variegated colored chert, quartzite, and silicified limestone, 
and as much as 5 cm in diameter.
Fine-, to coarse-grained feldspathic sandstone, locally conglomer-
atic, interlayered with gray siltstone, gray silty claystones, and dark 
gray carbonaceous shale containing thin, non-persistent coal beds.  
Sandstone units are commonly more than 50 cm thick and contain 
medium- to large scale festoon crossbedding, even parallel laminae, 
and large-scale lateral accretion bedding.
Lithologic Descriptions
Appendix A.     Wasatch Formation Lithology Key from Johnson (1979a – c) and 
Johnson et al (1979a – c)
Medium-gray to black carbonaceous claystone and coal with sparse, 
thin, sandstone and siltstone.
Gray, medium- to coarse-grained poorly sorted conglomeratic sand-
stone, interlayered with gray claystone, gray carbonaceous clay-
stone, and coal.  Sandstone units are lenticular and as much as 20m 
thick; they generally make up less than 30 percent of the facies.
Interlayed zones of lacustrine rocks and zones of paludal rocks.  
The lacustrine rocks are composed of muddy carbonates, ostracodal 
limestone and ostracode-rich claystone.  The paludal rocks are 
composed of carbonaceous claystone with coal beds as much 1 
meter thick.
Lithology
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Figure X. Core description of 1-M-18 well from Lorenz et al (1996) with correlation to top 
of Interval 6.  
Top of
Interval 6
Vertical Scale
1 in = 50 feet
No API number referenced
1-M-18
Section 18 T6S R94W
05045100890000
22-18 RWF Williams
SENW 18 6S 94W Well Tie 11
Lorenz et al (1996)
Generalized Core Description
Shale, red with limestone clasts with minor siltstone
Siltstone and very immature very ne grained sandstone
Alternating sandstone and conglomerate+
Shale and siltstone
Environment of
Deposition
Playa
Fan Delta
Braided Stream
Playa and Fan Delta
Siltstone, fg sandstones. Possible tuffaceous shale at 198 Ft
 Sandstone, coarse grained
Fan Delta
Fluvial Channel
ShaleFluvial Overbank
Sandstone, vfg - vcg, lower is conglomerate and brecciaFluvial/Braided Channel
Siltstone (fan) and shale (floodplain)Subaqueous fan and 
Subaerial Floodplain
Sandstone interbedded with sandy shale
(Missing Core)
Fan Delta Distributary
Channels and Floodplain
Distributary Channel grading 
upward to Lacustrine Mudflat
Sandstone at base grading upward to shaley, silty sandstone
to siltstone and shale
Lacustrine shoreline and fan delta
grading upward to Lacustrine 
Mudflat and Subaerial Floodplain
Sandstone grading upward to shaley sandstone to shale
Fan Delta Distributary Channel
grading upward to subaqueous
 lacustrine
Sandstone grading upward to shaley sandstone to shale
Alluvial fan and Subaerial 
Floodplains interbedded 
with subaqueous lacustrine 
excepting strandplain and 
beach (640-655 ft)
Shale (alluvial fan and floodplain) interbedded 
with shaley sandstones (lacustrine) and sandstone (beach)
Channel Mouth Bar to Shoreface
Sandstone and conglomerate with a sharp erosional baseChannel
Sandstone (sharp erosional base with shale clasts)
grading to shaley sandstone
Lacustrine and proximal 
and distal floodplain with 
thin fluvial channels and 
distributary mouth bars
Interbedded Shale,  sandy shale, and sandstone.
Lacustrine fan delta grading 
upward to distal mouth bar
Subaqueous lacustrine 
interbedded with 
distal mouth bars 
Interbedded shale and sandstone
Sandstone
Depth
Gamma Ray
Sandstone, medium grainedDistributary Mouth Bar
Lacustrine and Alluvial Plain with
minor Distal Mouth Bar
Shale interbedded with shaley sandstone
Proximal to mouth bar (upper) to 
distributary mouth bar (lower)
Lacustrine alternating with Alluvial Plain
Sandstone, upper very ne grained, and shaley sandstone
Shaley sand (Lacustrine) interbedded with shale (Alluvial Plain)
<45 171
Partially dissolve potassium feldspar
Partially dissolve potassium feldspar
Partially dissolve potassium feldspar
Partially dissolve potassium feldspar
93
In
te
rv
al
 6
In
te
rv
al
 7
In
te
rv
al
 8
Well Tie 12
Moore 33-10A
API 05045102630000
SWNE of Section 33 T6S R92W 
In
te
rv
al
 
9
In
te
rv
al
 1
0
Description and Environment of Deposition from Encana Oil and Gas (USA), Inc
 API 005103109030000
Federal BCU 34-8-198
SWSE Sec 8 T1N R98W
KB 6229
Interval 6
Interval 2
Interval 3
Interval 4
A
ge
Ve
rti
ca
l S
ca
le
:  
1 
in
 =
 5
00
 ft
 /1
52
 m
W
as
at
ch
 F
m
C
ow
 R
id
ge
 M
em
25
30
35
40
45
50
55
Outcrop Tie A
Interval 8
Interval 11
Interval 12
“n
ot
 e
ar
lie
st
” P
al
eo
ce
ne
m
id
-la
te
 P
al
eo
ce
ne
Lo
w
er
 M
em
be
r o
f F
or
t U
ni
on
U
pp
er
 F
t. 
U
ni
on
la
te
 P
al
eo
ce
ne
la
te
 
P
al
eo
ce
ne
E
oc
en
e
Fl
uv
ia
l,p
er
si
si
st
en
t s
s
Massive, medium grained, basal sandstone beds
Mudstones are mostly olive green to greenish gray
Paludal
Conformable Contact
E
oc
en
e
Dominantly gray, greenish gray, 
brown and varicolored claystone
Fl
uv
ia
l, 
sm
l s
pa
rs
e 
ch
an
ne
lfo
rm
 s
s
Fresh water mollusks 
locally abundant in 
some sandstones
Green, gray, varicolored alluvial claystone; 
fluvial sandstone; 
lacustrine ostracodal sandstone, shale and limestone;
paludal carbonaceous shale and claystone
Fl
uv
ia
l, 
sm
l s
pa
rs
e 
ch
an
ne
lfo
rm
 s
s
m
l s
pa
rs
e 
ch
an
ne
s
Fo
rm
at
io
n/
M
em
be
r
Li
th
ol
og
y
 (1
00
’s
 ft
)
Interval 5
Interval 9
Interval 10
Interval 7
Gray shale, thin persistent 
sandstone beds, carbona-
ceous shale and coal, and 
minor siltstone
Massive to cross-bedded, fine to medium 
grained, calcareous non-persistent channel 
sandstone interbedded with olive green to 
gray claystone and mudstone 
(Hail, 1990)
Localities of Measured Section:
Lower Ft. Union-Mouth of Crooked Wash
Upper Ft. Union-Mouth of Yellow Creek
Wasatch-East of Yellow Creek
8.5 mi/13.7 km
Outcrop cross section from Erhardt (2005).  Correlated intervals of this study are indicated.  Erhardt’s lithologic descrip-
tions, thickness and lateral location within the outcrop are indicated in Appendix A -Table 2 and photographs are in Appen-
dix A.  Location of Outcrop Tie R cross section is shown on Reference Map in Appendix A.   
NW SE
Outcrop Tie B
Intervals 3, 4
Interval 2
Interval 2 Interval 6
Interval 8
Interval 11
Intervals 9, 10, 12
Outcrop Tie B Photographs from Erhardt (2005).  These photos are from the southwestern outcrop where the intervals of this 
study are shown.  The intervals are described in Table 2 and depicted in the cross section of Outcrop Tie R.
NE SW
Interval 2 - Lower
Interval 2 - Upper
Interval 4
Interval 6
Interval 8
Interval 9-10
Outcrop Tie C.  Outcrop cross section of the Molina Member modified from Lorenz and Nadon (2002) from the town of 
Molina (type locality) to north of DeBeque.  Different Intervals of this study are shown as well as thickeness of each inter-
val.  These thickness were used to guide isopach and net sandstone maps of the upper sandstone of Interval 6 and 8.  
Upper sandstone 
of Interval 6
82 ft/25m
40 ft/12m
49 ft/15m
30 ft/9 m
40 ft/14m
23 ft/7m
32 ft/10m 30 ft/9 m
Interval 8
Interval 7
 262 ft/80 m
65 ft/20 m
